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ABSTRACT
F r i t z - S h e r i d a n , Jane K . , M. A . ,  December 1986 Bo tany
R e p r o d u c t i v e  B i o l o g y  o f  E r y t h r o n  i urn grand  i f I o r u m  Pursh  v a r i e t i e s  
g r a n d i f  iorum  and candi  dum ( P i p e r )  Abrams ( L i l i a c e a e )  (56  pages)
D i r e c t o r :  D a v id  E. B i l d e r b a c k  /
T h i s  f o u r - y e a r  ( 1 9 8 2 - 1 9 8 6 )  s tu d y  compared t h e  p o l l i n a t i o n  
b i o l o g y  and c y t o l o g y  o f  a r e l a t i v e l y  r a r e  t a x o n ,  E r y t h r o n  i um 
g ra n d  i f 1orum Pursh  v a r .  cand i dum ( P i p e r )  Abrams, w i t h  t h a t  o f  a 
g e o g r a p h i c a l l y  w id e s p r e a d  s i s t e r  t a x o n ,  E. g rand  i f I o r u m  v a r .  
g r a n d i f 1orum , in t h e  P a c i f i c  N o r t h w e s t .  B r e e d in g  s t u d i e s  w ere  
used t o  s t u d y  t h e  r e p r o d u c t i v e  systems o f  t h e  t a x a ,  t o  t e s t  f o r  
i n t e r f e r t i l i t y  between them, and t o  seek  a b n o r m a l i t i e s  in  t h e  
b r e e d i n g  sys tem  o f  t h e  r a r e  ta x o n  t h a t  m ig h t  acc o u n t  f o r  i t s  
r e l a t i v e  r a r i t y .  Chromosomes were c ou nte d  in b o th  t a x a  and in  
h y b r i d s  f r o m  a r t i f i c i a l  c r o s s e s .  Ranges o f  t h e  two t a x a  w ere  
d e t e r m in e d  f r o m  f i e l d  s t u d i e s  and h e r b a r i u m  spec im ens .  A l t h o u g h  
t h e  r a n g e s  o f  t h e  t a x a  o v e r l a p  in p a r t ,  p o p u l a t i o n s  a r e  u s u a l l y  
a l l o p a t r i c .  P h e n o l o g i c a l  f a c t o r s  a r e  p r o b a b ly  m in o r  in  
p r e v e n t i n g  c r o s s - p o l l i n a t i o n  between t h e  t a x a .  B o th  t a x a  a r e  
p r o to g y n o u s  o b l i g a t e  o u t c r o s s e r s  p o l l i n a t e d  by bees .  Seed  
p r o d u c t i o n  a p p a r e n t l y  is  n o t  p o l l i n a t o r - l i m i t e d .  The two t a x a  
a r e  i n t e r f e r t i l e  o n l y  when i n d i v i d u a l s  f r o m  a l l o p a t r i c  
p o p u l a t i o n s  a r e  a r t i f i c i a l l y  c r o s s e d ,  and th u s  sh o u ld  be 
c o n s i d e r e d  two b i o l o g i c a l  s p e c i e s .  When t h e  t a x a  o v e r l a p  in  
f l o r a l  pheno lo gy  in s y m p a t r i c  p o p u l a t i o n s ,  t h e y  e x h i b i t  
r e c i p r o c a l  i n c o m p a t i b i l i t y .  Such i n c o m p a t i b i l i t y  between c l o s e l y -  
r e l a t e d  p e r e n n i a l  s p e c i e s  is  u n u s u a l .  I t  may have a r i s e n  v i a  
n a t u r a l  s e l e c t i o n  in m ix ed  p o p u l a t i o n s .  A l t e r n a t i v e l y ,  i f  
p o p u l a t i o n s  o f  each ta x o n  v a r y  w i t h  r e g a r d  t o  t h e i r  
i n c o m p a t i b i l i t y  a l l e l e s ,  t h e y  may have a c q u i r e d  t h e i r  f e r t i l i t y  
b a r r i e r s  by chance b e f o r e  p o p u l a t i o n s  o f  t h e  two t a x a  came i n t o  
c o n t a c t  w i t h  each o t h e r .
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INTTRODUCTION
The p r o t e c t i o n  and management o f  r a r e  p l a n t  s p e c i e s  i s  im p o s s ib le  
w i t h o u t  a c l e a r  u n d e r s t a n d i n g  o f  t h e i r  b i o l o g y .  T h e r e  a r e  d i f f e r e n t  
d e g r e e s  and k i n d s  o f  r a r i t y ,  and c e r t a i n l y  t h e r e  i s  no one cause o f  i t .  
S u g g es ted  causes  have been y o u th ,  sen escence ,  l a c k  o f  suc cess ,  g e n e t i c  
d e p l e t i o n ,  and n a r r o w  e c o l o g i c a l  t o l e r a n c e s  o f  t h e  t a x o n  ( D r u r y ,  1 9 8 0 ) ,  
b u t  none o f  t h e s e  e x p l a n a t i o n s  i s  a l l - e n c o m p a s s i n g ,  because o f  numerous  
and complex f a c t o r s  ( S t e b b i n s ,  1 9 8 0 ) .  F o r  exam ple ,  l i m i t e d  g e n e t i c  
v a r i a b i l i t y  and e c o l o g i c a l  a m p l i t u d e  may s u g g es t  t h a t  a s p e c ie s  i s  new ly  
d e r i v e d ,  b u t  o t h e r  e x p l a n a t i o n s  a r e  p o s s i b l e .  The s p e c ie s  may have gone 
t h r o u g h  a g e n e t i c  b o t t l e n e c k  (e .  g . , p o p u l a t i o n  r e s t r i c t i o n  d u r i n g  
g l a c i a t i o n ) .  S t e e p  e c o l o g i c a l  g r a d i e n t s  s u r r o u n d in g  p o p u l a t i o n s  may 
red u c e  t h e  e n v i r o n m e n t a l  v a r i a t i o n  a t  p o p u l a t i o n  s i t e s .  The a b i l i t y  o f  
t h e  p l a n t s  t o  d i s p e r s e  p r o p a g u le s  t o  a s u i t a b l e  h a b i t a t  may be l i m i t e d .  
As a r e s u l t ,  S t e b b i n s  (1 9 8 0 )  c o n c lu d e d  t h a t  t h e  r a r i t y  o f  a s p e c ie s  can  
n o t  be c o r r e l a t e d  c o n s i s t e n t l y  w i t h  i t s  amount o f  w i t h i n - p o p u 1 a t i o n  
g e n e t i c  v a r i a t i o n .  L i k e w i s e ,  w h i l e  most  r a r e  and l o c a l i z e d  s p e c i e s  
o c c u r  in e c o l o g i c a l  i s l a n d s ,  a c o r r e l a t i o n  is  f o i l e d  because o t h e r  
s p e c i e s  in  t h e s e  i s l a n d s  may be w id e s p r e a d .  Nor a r e  h i s t o r i c a l  
c o r r e l a t i o n s  c o n s i s t e n t ,  because " r a r e  and l o c a l i z e d  s p e c ie s  can be 
e i t h e r  young,  a n c i e n t ,  o r  o f  an i n t e r m e d i a t e  age"  ( S t e b b i n s ,  1 9 8 0 ) .
Thus ,  t h e  cause o f  t h e  r a r i t y  o f  a s p e c i e s  must be sought  by u s in g  a 
s y n t h e t i c  ap p ro ach  in  w h ic h  e c o l o g i c a l ,  g e n e t i c ,  and h i s t o r i c a l  f a c t o r s  
a r e  c o n s i d e r e d  and t h e i r  i n t e r a c t i o n s  e l u c i d a t e d  ( D r u r y ,  1980; S t e b b i n s ,
1
1980; E n d l e r ,  1 9 8 2 ) .
S t u d i e s  t h a t  compare a r a r e  p l a n t  ta x o n  w i t h  a c l o s e l y  r e l a t e d  non -  
r a r e  s p e c i e s  p r o v i d e  i m p o r t a n t  c o n t r i b u t i o n s  to w a rd  u n d e r s t a n d i n g  r a r e  
s p e c i e s .  Once c o m p i le d  f o r  many groups  o f  p l a n t s ,  c o m p a r a t i v e  d a t a  w i l l  
b e t t e r  e n a b l e  us t o  " ju d g e  w h e t h e r  t h e  t r a i t s  o f  r a r e  p l a n t s  a r e  u n iq u e  
t o  them o r  a r e  some random sample  o f  p l a n t  t r a i t s  in  g e n e r a l  and  
u n r e l a t e d  t o  t h e  r a r e  s t a t e "  ( R a b i n o w i t z ,  1 9 8 1 ) .  T h i s  s t u d y  compared  
t h e  p o l l i n a t i o n  b i o l o g y  and c y t o l o g y  o f  a r a r e  t a x o n ,  E r y t h r o n  i um 
g r a n d i f I o r u m  Pursh  v a r .  candidum ( P i p e r )  Abrams, w i t h  t h a t  o f  t h e  
c l o s e l y  r e l a t e d  and w id e s p r e a d  E. g ran d  I f I o r u m  v a r .  g rand  i f 1orum. These  
t a x a  len d  t h e m s e lv e s  w e l l  t o  such a c o m p a r a t i v e  s tu d y ;  v a r i e t y  
g ra n d  i f I o r u m  (GRAN) is  g e o g r a p h i c a l l y  w id e s p r e a d  in  t h e  Rocky M o u n ta in  
r e g i o n  and o c c u p i e s  a w id e  v a r i e t y  o f  h a b i t a t s ,  and v a r i e t y  cand i dum 
(CAND) I s  r e s t r i c t e d  b o th  g e o g r a p h i c a l l y  and a p p a r e n t l y  e c o l o g i c a l l y .
The genus E r y t h r o n  i um has n e v e r  been monographed in i t s  e n t i r e t y ,  
and i t s  w e s t e r n  N o r t h  A m er ican  s p e c ie s  were l a s t  monographed by 
A p p l e g a t e  ( 1 9 3 5 ) .  U n r e s o l v e d  taxono m ic  and p h y l o g e n e t i c  r e l a t i o n s h i p s  
w i t h i n  t h e  genus a r e  e x e m p l i f i e d  by t h e  d i f f e r e n t  c l a s s i f i c a t i o n  o f  CAND 
by v a r i o u s  a u t h o r s  ( e . g . ,  Purdy ,  1904; P i p e r ,  1914; Abrams, 1923; S t .  
John and Jones ,  1929; D a v is ,  1946; H i t c h c o c k ,  1 9 6 9 ) .
The y e l l o w - f l o w e r e d  p e r e n n i a l  h e r b  GRAN o c c u r s  f ro m  s o u th e r n  
B r i t i s h  C o lu m b ia  t o  C o lo r a d o  and C a l i f o r n i a  (Munz and Keck, 1968;  
H i t c h c o c k ,  1 9 6 9 ) .  I t s  h a b i t a t  r a n g e s  f r o m  s e m i - d r y  montane v a l l e y s  t o  
snowbank edges in  a l p i n e  meadows a t  ab o u t  3700  m e l e v a t i o n .  C h a r a c t e r s  
used t o  d i s t i n g u i s h  GRAN f r o m  CAND have been y e l l o w  t e p a l s  2 0 - 3 5  mm long  
and 4 - 7  mm w id e ,  y e l l o w ,  r e d ,  o r  w h i t e  a n t h e r  c o l o r ,  and c a p s u l e s  30 mm
long  and 10 rrm in d i a m e t e r  ( A p p l e g a t e ,  1935; H i t c h c o c k ,  1 9 6 9 ) .  P r e v i o u s  
chromosome c o u n ts  f o r  E r y t h r o n i u m  g r a n d i f l o r u m  v a r .  p a l l i d u m  (a  w h i t e -  
a n t h e r e d  f o r m  o f  GRAN, a c c o r d in g  xo H i t c h c o c k ,  1969)  w ere  2n = ca .  24 
(Cave ,  1970)  and n = 12 (S m i t h ,  1 9 5 5 ) .
CAND is  a r e l a t i v e l y  r a r e  t a x o n  t h a t  o c c u r s  as d i s j u n c t  p o p u l a t i o n s  
in c o m p a r a t i v e l y  sm a l l  a r e a s  o f  w e s t e r n  Montana,  n o r t h e r n  Idaho,  and  
e a s t e r n  W a s h in g to n .  CAND has been o b s e rv e d  in montane v a l l e y s  and 
h i l l s i d e s  a t  e l e v a t i o n s  up t o  ab o u t  2154  m, b u t  u s u a l l y  below 1415 m.
The ta x o n  d i f f e r s  f r o m  GRAN in h a v in g  w h i t e  t e p a l s  3 5 - 4 5  mm long and I Q -  
12 rrm w id e ,  and c a p s u l e s  50 rrm long and 15 rrm in d i a m e t e r  ( A p p l e g a t e ,  
1 9 3 5 ) .  A l t h o u g h  A p p l e g a t e  (1 9 3 5 )  d e s c r i b e d  t h e  a n t h e r s  as w h i t e ,  t h e  
t a x o n  a l s o  has y e l l o w  and r e d  a n t h e r s ,  as in GRAN. P r i o r  t o  t h i s  s t u d y ,  
t h e  chromosome number o f  CAND was u n r e p o r t e d .
V e g e t a t i v e  p r o p a g a t i o n  o f  many E r y t h r o n  i um s p e c ie s  o f  e a s t e r n  N o r t h  
A m e r ic a  (E. a m e r i canum K e r . , E.  a 1b i dum N u t t . ,  E. p ropu l  1 ans G ra y ,
E, r o s t r a t u m  W o l f ,  and E. u m b i1 i catum subsp. m o n o s to 1um P a rk s  and 
H a r d i n )  has been w e l l - d o c u m e n t e d  (e .  g . , B l o d g e t t ,  1900; P a rks  and 
H a r d i n ,  1963; H o l l a n d ,  1974; Bahks,  1900; M o r le y ,  1 9 8 2 ) .  O f  E r y t h r o n I u m  
s p e c i e s  in  w e s t e r n  N o r t h  A m e r ic a ,  o n l y  E. m u l t i s c a p o  i deum ( K e l l . )  Ne I s.  
and Kenn. p ro d u ces  r u n n e r s  (P u rd y ,  1904; A p p le g a t e ,  1 9 3 5 ) .  In o t h e r  
w e s t e r n  s p e c i e s  and in  E. Japon i cum ( L . )  Decne o f  Japan,  o f f s e t  b u lb s  
o c c a s i o n a l l y  f o r m  w i t h i n  t h e  s h e a t h  o f  t h e  b u l b ,  b u t  p r o b a b ly  o n l y  a f t e r  
i n j u r y  ( P u r d y ,  1904; Kawano, 1 9 8 2 ) ,  F i e l d  o b s e r v a t i o n s  o f  230  GRAN and 
255  CAND p l a n t s  c o n f i r m  t h a t  t h i s  is  a l s o  t h e  case  w i t h  E. g r a n d i f 1orum . 
T h e r e f o r e ,  b r e e d i n g  e x p e r im e n t s  a r e  u n c o m p l i c a t e d  by ge i tonogam ous  
c r o s s e s  f r o m  f l o w e r s  in  t h e  same clump.
T h i s  s t u d y  a c c o m p l is h e d  s e v e r a l  g o a l s .  F i r s t ,  b r e e d in g  s t u d i e s  
w e re  c o n d u c te d  in 1982 -  1984 t o  c h a r a c t e r i z e  t h e  r e p r o d u c t i v e  systems  
o f  t h e  t a x a ,  and t o  t e s t  f o r  i n t e r f e r t i l i t y  between CAND and GRAN a t  
b o t h  a l l o p a t r i c  and s y m p a t r i c  s i t e s .  A second o b j e c t i v e  was t o  
d e t e r m i n e  w h e t h e r  any a s p e c t  o f  t h e  b r e e d i n g  sys tem  o f  CAND ( e . g . ,  
f a i l u r e  t o  a t t r a c t  p o l l i n a t o r s ,  low f e r t i l i t y ,  dependence on sexua l  
r e p r o d u c t i o n ,  o r  i n t e r a c t i o n  w i t h  GRAN) m ig h t  c o n t r i b u t e  t o  i t s  r e l a t i v e  
r a r i t y  as  compared t o  GRAN. T h i r d ,  chromosomes w ere  c ou nte d  in  
g e r m i n a t e d  seeds  o f  b o th  t a x a  and o f  h y b r i d s  f r o m  a r t i f i c i a l  c r o s s e s  t o  
d e t e r m i n e  w h e t h e r  K a r y o l o g i c a l  d i f f e r e n c e s  between t h e  t a x a  m ig h t  
r e s t r i c t  t h e  s e x u a l  r e p r o d u c t i o n  o f  CAND. F o u r t h ,  t h e  ran g e s  o f  t h e  two  
t a x a  w e re  d e t e r m i n e d  f r o m  h e r b a r i u m  specimens and f i e l d  o b s e r v a t i o n s .
F i e l d  s t u d i e s  r e v e a l e d  t h a t  a l t h o u g h  t h e  two t a x a  a r e  s y m p a t r i c  
w i t h i n  t h e  r a n g e  o f  CAND, m osa ic  p o p u l a t i o n s  i n c l u d i n g  bo th  t a x a  r a r e l y  
o c c u r .  A l l o p a t r i c  p o p u l a t i o n s  o f  t h e  two t a x a  u s u a l l y  a r e  s e p a r a t e d  by 
a t  l e a s t  s e v e r a l  k i l o m e t e r s ,  a l t h o u g h  s i t e  e l e v a t i o n s  may be i d e n t i c a l .  
B o th  t a x a  a r e  o b l i g a t e  o u t c r o s s e r s .  In t h e  p o p u l a t i o n s  s t u d i e d ,  t h e  
t a x a  a r e  i n t e r f e r t i l e  o n l y  when i n d i v i d u a l s  f ro m  a l l o p a t r i c  p o p u l a t i o n s  
a r e  a r t i f i c i a l l y  c r o s s e d .  P o l l i n a t o r s  f o r  bo th  t a x a  a r e  Bombus 
bi s a r i  us C r e s s o n , Ap i s me I 1 i f e r a  L i n n . , and Andrena n i g r i h i r t a  
(A shm ea d) . Bo th  t a x a  have 2n = 24 chromosomes, bu t  h y b r i d s  e x h i b i t  2n = 
ca .  2 2 - 2 6  and,  in some c a s e s ,  p u t a t i v e  c o n n e c t io n s  between t h e  
chromosomes.
MATERIALS AND METHODS
S tu d y  s i t e s
B o th  GRAN and CAND w ere  c o l l e c t e d  a t  numerous s i t e s  t h r o u g h o u t  t h e  
known r a n g e  o f  CAND. T hese  l o c a t i o n s  as w e l l  as th o s e  f ro m  h e r b a r i u m  
s h e e t s  f r o m  s e v e r a l  h e r b a r i a  (US, NY, MO, WTU, WS, UC, ORE, OSC, IDS,
ID, MONTU and MRC) w ere  used t o  p r e p a r e  a d i s t r i b u t i o n  map o f  b o th  t a x a  
( F i g .  1 ) .  F l o w e r i n g  d a t e s  f o r  t h e  two t a x a  w ere  c o m p i le d  t o  d e t e r m in e  
p h e n o l o g i c a l  o v e r l a p .
A l l  p o l l i n a t i o n  s t u d i e s  w ere  con duc ted  in w e s t e r n  Montana.  In  
1982,  a l l o p a t r i c  GRAN and CAND p o p u l a t i o n s  a p p r o x i m a t e l y  43 Km a p a r t  
w ere  s t u d i e d .  The CAND s i t e  was l o c a t e d  b e s id e  R ic e  R idge  Road, abo u t  
0 . 2  Km E o f  Montana Highway 63 ,  2 . 5  Km N o f  t h e  town o f  S e e le y  Lake ,  
T17N,  R15W, SW1/4 s e c .  27 ,  M is s o u l a  Co. a t  an e l e v a t i o n  o f  1335 m 
( F i g .  1, d ) . No o t h e r  s p e c i e s  w ere  in a n t h e s i s  on 1 May a t  t h e  
commencement o f  t h e  e x p e r i m e n t s .  The GRAN s i t e  was a c ro s s  t h e  ro a d  f ro m  
t h e  e n t r a n c e  t o  t h e  U n i v e r s i t y  o f  Montana F o r e s t r y  S c h o o l ' s  L u b r e c h t  
E x p e r im e n t a l  F o r e s t  on Montana Highway 200 ,  T13N,  R15W, NW1/4 BE1 / 4  s ec .  
11, Mi s s o u l a  C o . ,  a t  an e 1e v a t  i on o f  1336 m ( F i g .  1, c ) . Ranuncu1 us 
g l a b e r r i m u s  Hook, and Anemone n u t t a l 1 i ana DC. w ere  a l s o  in a n t h e s i s  a t  
t h e  t i m e  o f  t h e  p o l l i n a t i o n  e x p e r i m e n t s .
The 1983 s t u d y  s i t e s  a l s o  w ere  a l l o p a t r i c .  CAND was s t u d i e d  
2 . 9  Km W o f  t h e  b r i d g e  o v e r  t h e  o u t l e t  o f  P l a c i d  Lak e ,  T16N, R15W, N 1 /2  
s e c .  3 2 ,  M i s s o u l a  C o . ,  a l o n g  t h e  s o u th  s i d e  o f  t h e  P l a c i d  Lake r o a d ,  a t  
an e l e v a t i o n  o f  1330 m ( F i g .  1, a ) .  GRAN was s t u d i e d  a t  L u b r e c h t
E x p e r i m e n t a l  F o r e s t ,  ab o u t  100 m E o f  t h e  e n t r a n c e  f r o m  Highway 200 ,  
T13N,  R15W, S E 1 /4  s e c .  11, M i s s o u l a  Co. ( F i g ,  1, c ) , P o l l i n a t i o n
e x p e r i m e n t s  began on 6 May.
In  1984 ,  CAND and GRAN w ere  s t u d i e d  a t  two s y m p a t r i c  s i t e s ,  where  
CAND and GRAN w ere  i n t e r s p e r s e d  and b o th  t a x a  bloomed a t  t h e  same t im e .
One s i t e  was between Owl C r e e k  and t h e  P l a c i d  Lake r o a d ,  2 . 7  km W o f
Montana Highway 8 3 ,  T16N,  R15W, NW1/4 sec .  27 ,  M is s o u l a  C o . ,  a t  an 
e l e v a t i o n  o f  1346 m ( F i g .  1, b ) . The m ixed  p o p u l a t i o n  co v e re d  
a p p r o x i m a t e l y  2 7 5 0  m^. P l a n t s  w ere  h a n d - p o l l i n a t e d  between 5 and 11 
May. A t  t h e  o t h e r  s i t e ,  0 . 5  km NW o f  t h e  L o g g ing  C re e k  Campground on 
t h e  n o r t h e a s t  s i d e  o f  t h e  N o r t h  F o r k  Road in  G l a c i e r  N a t i o n a l  P a rk  
( e l e v a t i o n  1 0 4 7 . 5  m) , T34N,  R20W, S E 1 /4  s ec .  17, p l a n t s  w ere  p o l l i n a t e d
on 19 May ( F i g .  1, e ) . The  m ix ed  p o p u l a t i o n  c o v e re d  a p p r o x i m a t e l y
5 5 0 0  m2.
P o l l i n a t i n g  i n s e c t s  w ere  o b s e rv e d  a t  f i v e  l o c a t i o n s .  S i t e  1; CAND 
was o b s e r v e d  a lo n g  t h e  e a s t  s i d e  o f  Montana Highway 83 ,  a c r o s s  t h e  ro a d  
f r o m  t h e  Tam arack  Lodge,  4 . 2  km N o f  t h e  town o f  S e e le y  Lake ,  T17N,  
R15W, N E 1 /4  sec .  28 ,  M is s o u l a  C o . ,  a t  an e l e v a t i o n  o f  1314 m. S i t e  2: 
CAND was o b s e r v e d  a t  B ig  L a r c h  Campground, on t h e  west  s i d e  o f  Montana  
Highway 8 3 ,  0 . 8  km N o f  t h e  town o f  S e e le y  Lak e ,  T17N,  R15W, S I / 2  sec .  
34,  M i s s o u l a  Co. S i t e  3: a m ix e d  p o p u l a t i o n  o f  GRAN and CAND was
o b s e r v e d  a t  t h e  t e r m i n u s  o f  t h e  r o a d  a t  H idden  Lake ,  T16N, R16W, S E 1 /4
NW1/4 s e c .  13, M is s o u l a  Co. ( a p p r o x i m a t e l y  4 . 2  km NW o f  P l a c i d  L a k e ) .  
S i t e  4:  a CAND p o p u l a t i o n  was s t u d i e d  d i r e c t l y  a d j a c e n t  t o  t h e  m ixed  
p o p u l a t i o n  a t  Owl C r e e k  as d e s c r i b e d  above.  S i t e  5: GRAN was o b s e rv e d
a t  t h e  P a t t e e  Canyon P i c n i c  A r e a ,  10 km SE o f  M i s s o u l a ,  T12N,  R19W,
NE1 / 4  s e c .  1 .
B r e e d i n g  s t u d i e s
D u r i n g  t h e  s p r i n g  o f  1982,  b r e e d in g  s t u d i e s  o f  CAND t e s t e d  f o r  
s e l f - f e r t i l i z a t i o n  w i t h  and w i t h o u t  manual a i d ,  agamospermy, and c r o s s ­
f e r t i l i z a t i o n  w i t h  GRAN. F o r  b o th  t a x a  normal  seed s e t  was d e t e r m in e d .  
P r o c e d u r e s  f o l l o w e d  B e l l  ( 1 9 7 4 ) .  As each  p l a n t  had o n l y  1 f l o w e r ,  t h e  
number o f  p l a n t s  e q u a le d  t h e  number o f  f l o w e r s  used in each t r e a t m e n t .  
The t r e a t m e n t s  w ere  as f o i  lows:
Unbagged and o p e n - p o l l i n a t e d ;  T w e n t y - f i v e  p l a n t s  o f  each ta x o n  were  
t a g g e d  b u t  o t h e r w i s e  n o t  m a n i p u l a t e d .  T h i s  g roup  d e m o n s t r a te d  l e v e l s  o f  
normal seed  s e t ,
Bagged and s e l f - p o l l i n a t e d :  F o r t y  CAND f l o r a l  buds w ere  e n c lo s e d  in
n y l o n  n e t  bags t o  e x c l u d e  p o l l i n a t o r s ,  and l a t e r ,  d u r i n g  a n t h e s i s ,  han d -  
p o l l i n a t e d  w i t h  s e l f - p o l l e n  and r e - b a g g e d .  Seed s e t  in t h i s  g roup  
i n d i c a t e d  t h e  d e g re e  t o  w h ic h  t h e  f l o w e r s  w ere  s e l f - c o m p a t i b l e  a n d / o r  
p rodu ced  a p o m i c t i c  seeds  as a r e s u l t  o f  s t i m u l a t i o n  by p o l l e n  tu b e  
s e c r e t  io n s .
Bagged and n o t  m a n i p u l a t e d :  T w e n t y - f i v e  CAND f l o r a l  buds w ere  bagged
and o t h e r w i s e  n o t  m a n i p u l a t e d .  Seed p r o d u c t i o n  in  t h i s  g roup i n d i c a t e d  
t h e  d e g r e e  t o  w h ic h  t h e  f l o w e r s  n a t u r a l l y  s e l f - f e r t i l i z e d .
Bagged and e m a s c u la te d :  T w e n t y - f i v e  CAND f l o r a l  buds were e m a s c u la te d
t o  p r e v e n t  s e l f - p o l l i n a t i o n ,  bagged,  and o t h e r w i s e  n o t  m a n i p u l a t e d .  The  
l e v e l  o f  seed  p r o d u c t i o n  in  t h i s  g ro u p  i n d i c a t e d  t h e  d e g re e  t o  w h ic h  
agamospermy o c c u r r e d .
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Bagged -  r e c i p r o c a l  c r o s s e s :  R e c ip r o c a l  c r o s s e s  w ere  made between CAND
and GRAN, T w e n t y - f i v e  GRAN f l o w e r s  w ere  e m a s c u la te d  in t h e  bud,  
i rimed i a t e  I y c r o s s - p o l l i n a t e d  w i t h  p o l l e n  f ro m  a n t h e r s  o f  CAND, and 
bagged.  The method used t o  c r o s s - p o l I i n a t e  CAND f l o w e r s  w i t h  GRAN 
p o l l e n  was i d e n t i c a l ,  e x c e p t  t h a t  t h e  f l o w e r s  w ere  e m a s c u la te d  and  
bagged in  t h e  m o r n in g ,  and c r o s s - p o l l i n a t e d  and r e - b a g g e d  6 1 / 2  h r  
I a t e r .
To in s u r e  t h a t  p o l l e n  had n o t  been t r a n s f e r r e d  t o o  e a r l y  d u r i n g  
c r o s s - p o l l i n a t i o n  b e f o r e  r e p e a t i n g  t h e  e x p e r im e n t s  in 1983,  t h e  t i m i n g  
o f  t h e  o n s e t  o f  s t ig m a  r e c e p t i v i t y  was d e t e r m in e d .  The s tu d y  s i t e  was 
a lo n g  t h e  E s i d e  o f  H u c k l e b e r r y  Road, 0 . 8  km S o f  P a t t e e  Canyon Road,  
M i s s o u l a .  On 18 A p r i l  1983,  6 GRAN f l o w e r s  w ere  e m a s c u la te d ,  c r o s s ­
p o l l i n a t e d ,  and caged a t  t h e  bud s t a g e ,  a p p r o x i m a t e l y  1 day b e f o r e  
a n t h e s i s .  The  p r o c e d u r e  was r e p e a t e d  w i t h  CAND f l o w e r s  on 5 May 1984 a t  
t h e  Owl C r e e k  p o l l i n a t i o n  s t u d y  s i t e  ( d e s c r i b e d  a b o v e ) ,  e x c e p t  t h a t  t h e  
f l o w e r s  w ere  n o t  e m a s c u la te d .  One day a f t e r  c r o s s - p o l l i n a t i o n  and 
b e f o r e  a n t h e r  d e h is c e n c e  in CAND, f l o w e r s  were  e x c i s e d ,  p l a c e d  in  an i c e  
c h e s t  t o  m a i n t a i n  a m b ie n t  a i r  t e m p e r a t u r e ,  and r e t u r n e d  t o  t h e  l a b .  The  
n e x t  m o r n in g ,  a p p r o x i m a t e l y  36 h r  a f t e r  p o l l i n a t i o n ,  t h e  s t y l e s  w ere  
h a n d - s e c t i o n e d  l o n g i t u d i n a l l y ,  s t a i n e d  w i t h  a c e t o - o r c e i n  t o  improve  
v i s i b i l i t y  o f  p o l l e n  t u b e s ,  exam ined m i c r o s c o p i c a l l y  f o r  p o l l e n  tu b e  
g r o w t h ,  and p h o to g ra p h e d .
In  1983 ,  b r e e d i n g  s t u d i e s  i n c l u d e d  a l l  t r e a t m e n t s  f o r  GRAN as  w e l l  
as  CAND. W i t h i n - p o p u I  a t i o n  c r o s s - p o l l i n a t i o n  was added f o r  com par ison  
w i t h  t h e  o p e n - p o l l  i n a t e d  g ro u p  and t o  d e t e r m i n e  w h e t h e r  seed s e t  i s
p o l l i n a t o r - l i m i t e d .  T h a t  i s ,  s i g n i f i c a n t l y  g r e a t e r  seed s e t  in t h i s  
t r e a t m e n t  th a n  in  t h e  o p e n - p o l l i n a t e d  group  wou ld  i n d i c a t e  t h a t  under  
n a t u r a l  c o n d i t i o n s ,  p o l l i n a t o r s  l i m i t  seed p r o d u c t i o n  due t o  t h e i r  
i n s u f f i c i e n t  numbers o r  e f f e c t i v e n e s s ,  o r  t o  t r a n s f e r  o f  I n c o m p a t i b le  
p o l l e n .  T w e n t y - f i v e  f l o w e r s  o f  each ta x o n  w ere  t e s t e d  in each  
t r e a t m e n t .  F l o w e r s  w ere  p o l l i n a t e d  in t h e  bud a p p r o x i m a t e l y  one day  
b e f o r e  t h e  buds opened,  and caged.  Cages c o n s t r u c t e d  f ro m  p l a s t i c  
window s c r e e n  and heavy w i r e  w e re  used f o r  a l l  caged t r e a t m e n t s .
The 1984 s t u d i e s  r e p e a t e d  t h e  p r o c e d u r e s  o f  1983,  e x c e p t  t h a t  th e  
t e s t s  f o r  s e l f - f e r t i l i z a t i o n  and agamospermy w ere  o m i t t e d  s i n c e  no 
seeds had r e s u l t e d  f r o m  t h e s e  t r e a t m e n t s  in  1982 o r  1983.  A t  Owl C r e e k ,  
CAND p l a n t s  w e re  caged in  t h e  bud on 28 A p r i l ,  and each f l o w e r  was 
p o l l i n a t e d  on 5 ,  9 ,  o r  11 May. Some f l o w e r s  w ere  p o l l i n a t e d  in t h e  bud,  
and some a f t e r  t h e  f l o w e r s  opened.  T w e n t y - f i v e  p l a n t s  w ere  t e s t e d  in  
each  t r e a t m e n t .  A t  L o g g ing  C r e e k ,  GRAN f l o w e r s  w ere  caged in t h e  bud on 
12 May, and p o l l i n a t e d  on 19 May. Some o f  t h e  f l o w e r s  w ere  in bud, and 
some w ere  open.  Tw enty  p l a n t s  w ere  t e s t e d  in each t r e a t m e n t .
Because s e l f - p o l l i n a t i o n  produced  no seeds ,  p l a n t s  were t e s t e d  in  
1984 t o  d e t e r m i n e  w h e t h e r  s e l f - p o l l e n  grows w i t h i n  th e  s t y l e s .  CAND 
p l a n t s  a t  t h e  Owl C r e e k  p o l l  i n a t i o n  s tu d y  s i t e  w ere  caged a t  th e  bud 
s t a g e  on 5 May 1984 ,  th e n  s e l f - p o l l i n a t e d  by hand a t  a n t h e s i s  on 9 and 
11 May. T hese  f l o w e r s  w ere  e x c i s e d  on 11 May and p la c e d  in p l a s t i c  bags  
u n t i l  t h e  n e x t  day ,  when t h e y  w ere  p l a c e d  in  an ic e  c h e s t  u n t i l  t h e y  
w e re  r e t u r n e d  t o  t h e  l a b  on 14 May. The s t y l e s  w ere  th e n  innmedlate ly  
h a n d - s e c t i o n e d  l o n g i t u d i n a l l y ,  s t a i n e d  w i t h  a c e t o - o r c e i n ,  and examined  
m i c r o s c o p i c a l l y  f o r  p o l l e n  t u b e  g r o w th .  The same p ro c e d u r e  was f o l l o w e d
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w i t h  GRAN in  1986 b e s id e  t h e  E s i d e  o f  H u c k l e b e r r y  Road, 0 , 9  km S o f  
P a t t e e  Canyon Road, M i s s o u l a .  F l o r a l  buds w ere  caged on 9 May and 
f l o w e r s  w ere  s e l f - p o l l i n a t e d  on 14 May.
In  1982 ,  cages w ere  removed a f t e r  t h e  t e p a l s  d ropped o f f  t h e  
f l o w e r s .  D e v e l o p i n g  f r u i t s  w ere  c o l l e c t e d  on 12 May, 1 0 - 2 0  days a f t e r  
p o l l i n a t i o n .  A t  t h i s  s t a g e  o f  d e v e lo p m e n t ,  o v u le s  w ere  e i t h e r  plump o r  
w i t h e r e d .  Plump o v u l e s  w ere  c o n s id e r e d  t o  be d e v e l o p i n g  o v u le s .  In  1983  
and 1984 ,  p l a n t s  r e m a in e d  caged u n t i l  a p p r o x i m a t e l y  2 months a f t e r  
p o l l i n a t i o n ,  a t  w h ic h  t i m e  t h e  f r u i t s  w ere  p l a c e d  in g 1 a s s i ne o r  m a n i 1 a 
e n v e lo p e s  t o  d r y  and d e h i s c e .  In  some i n s t a n c e s ,  f e w e r  th an  25 f r u i t s  
p e r  t r e a t m e n t  w ere  h a r v e s t e d  due t o  h e r b  i v o r y  on uncaged p l a n t s  o r  lo ss  
due t o  unknown ca u s e s .
Seeds t h a t  r e s u l t e d  f r o m  t h e  c o n t r o l  t r e a t m e n t s  and f ro m  t h e  
i n t e r t a x o n  c r o s s e s  between CAND and GRAN f ro m  a l l o p a t r i c  s i t e s  in 1983  
w ere  p l a n t e d  a t  t h e  U n i v e r s i t y  o f  Montana E x p e r im e n ta l  Garden on 
30 A ugust  1983 .  S u r v i v i n g  p l a n t s  w ere  c ou nte d  on 17 A p r i l  1984,
28 A p r i 1 1985 ,  and 16 May 1986.
P o l l i n a t o r  o b s e r v a t i o n s
I n s e c t  v i s i t o r s  w e r e  o b s e r v e d  and c o l l e c t e d  f ro m  E r y t h r o n i u m  and  
c o - b lo o m in g  s p e c i e s  d u r i n g  t h e  f l o w e r i n g  seasons o f  1982 and 1986.
D a te s ,  t i m e s  o f  day and l o c a t i o n s  o f  o b s e r v a t i o n s  a r e  l i s t e d  in T a b l e  1. 
P o l l i n a t o r  b e h a v i o r  was n o t e d  in a f i e l d  n o te b o o k ,  and, when p o s s i b l e ,  
p o l l i n a t o r s  w ere  p h o to g r a p h e d .  S e v e r a l  c o l l e c t i n g  j a r s  were used so 
t h a t  o n l y  one i n s e c t  a t  a t i m e  o c c u p ie d  each  j a r .  Thus,  c o n t a m i n a t i o n  
o f  p o l l e n  f r o m  one i n s e c t  o n t o  a n o t h e r  was m i n i m i z e d .  M ic ro s c o p e
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s l i d e s  o f  p o l l e n  lo a d s  mounted in  g l y c e r i n e  j e l l y  w ere  p r e p a r e d .  P o l l e n  
was e v e n l y  d i s p e r s e d  on each  s l i d e  by s t i r r i n g  w i t h  a d i s s e c t i n g  n e e d l e .  
T h e se  s i  id e s  w ere  compared t o  s i  id es  o f  E r y t h r o n I u m  grand  I f 1orum p o l 1 en 
t o  d e t e r m i n e  i n s e c t  f i d e l i t y .  I f  f e w e r  th a n  100 p o l l e n  g r a i n s  w ere  
p r e s e n t  on a s l i d e ,  a l l  w ere  counted;  i f  more th a n  100 w ere  p r e s e n t ,  
o n l y  100 g r a i n s  f r o m  a r a n d o m l y - s e l e c t e d  l o c a t i o n  on t h e  s l i d e  w ere  
co u n te d ,  An I n s e c t  was c o n s id e r e d  t o  be a p o l l e n  c a r r i e r  o f  E r y t h r o n  i um 
i f  i t s  p o l l e n  s l i d e  c o n t a i n e d  a t  l e a s t  20 E r y t h r o n I  um p o l l e n  g r a i n s .
TABLE 1. L o c a t i o n s ,  d a t e s  and t im e s  o f  p o l l i n a t o r  o b s e r v a t i o n s .  S i t e  
l o c a t i o n s  a r e  d e s c r i b e d  in t h e  t e x t .
D a te T im e E r y t h r o n i u m  spp. Temp. (C) L o c a t i o n
25 Apr 1982 15 0 0 - 16 30 CAND 20 5 t é 1
8 May 1982 9 0 0 - 19 30 CAND 3 - 1 4 S t e 2
9 May 1982 8 0 0 - 1 1 OO CAND 3 - 6 s t e 2
17 May 1982 15 o o —17 OO GRAN and CAND - s t e 3
22 May 1982 7 3 0 - 15 30 CAND 8 - 2 4 s t e 4
3 May 1986 1 1 3 0 - 16 OO GRAN 13 s t e 5
6 May 1986 14 3 0 - 17 OO CAND 1 1 s t e 4
8 May 1966 13 0 0 —16 OO GRAN 1 1 s t e 5
10 May 1986 7 0 0 —17 0 0 GRAN and CAND 3 - 9 5 t e 3
18 May 1986 14 3 0 - 17 OO GRAN 18-21 s t e 5
19 May 1986 14 OO—17 0 0 GRAN 25 s t e 5
P o l l e n  v i a b i l i t y
P o l l e n  v i a b i l i t y  was d e t e r m in e d  by s t a i n i n g  in c o t t o n  b l u e  in  
l a c t o p h e n o l  ( D ic K is o n  and B e l l ,  1 9 7 4 ) .  One p o l l e n  s l i d e  was p r e p a r e d  
f o r  each  o f  t h r e e  t o  f i v e  f l o w e r s  p e r  p o p u l a t i o n .  F i v e  p o p u l a t i o n s  o f  
each  t a x o n  w e re  sampled ( T a b l e  2 ) .  A t  l e a s t  100 p o l l e n  g r a i n s  p e r  s l i d e  
w e re  ex a m in e d .  Voucher  spec im ens  w ere  d e p o s i t e d  a t  MONTU.
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TABLE 2 .  C o l l e c t i o n s  used f o r  p o l l e n  v i a b i l i t y .  C o l l e c t i o n s  o f  t h e  
a u t h o r  e x c e p t  w here  n o t e d .
E. g r a n d i f l o r u m  v a r .  g r a n d i f l o r u m
IDAHO: Idaho C o . ,  K o o tena i  C o . ,  ^ . MONTANA: G l a c i e r
N a t i o n a l  P a r k ,  £6 ;  Powel l  Co, 4 .  WASHINGTON: Pend O r e i l l e  C o . ,  2 7 ,
E. g r a n d i f l o r u m  v a r .  c a n d i dum
IDAHO: K o o te n a i  C o . ,  MONTANA: G l a c i e r  N a t i o n a l  P a rk ,  4 7 ;
B e a v e rh e a d  C o . , J e r r o l d  J Dav i s 3 6 6 ; M is s o u l a  C o . , 6 .  WASHINGTON: 
Pend O re  i l  l e  C o . ,  24 .
C y t o l o g y
Chromosome numbers f o r  GRAN and CAND w ere  d e t e r m in e d  f ro m  m i t o t i c  
p r e p a r a t i o n s  o f  r o o t  t i p s  f r o m  g e r m i n a t i n g  seeds c o l l e c t e d  in t h e  f i e l d  
( T a b l e  6 ) .  V ouchers  r e p r e s e n t i n g  t h e s e  c o l l e c t i o n s  w ere  d e p o s i t e d  a t  
MONTU. Seed g e r m i n a t i o n  r e q u i r e d  100 days o f  c o l d  s t r a t i f i c a t i o n  
(Pel  t o n ,  1 9 5 6 ) .  Root  t i p s  w ere  e x c i s e d  f r o m  g e r m in a t e d  seeds s t o r e d  in  
70% e t h a n o l  a t  OC. Root  t i p s  w ere  th e n  h y d r o l y z e d  in HCl:95% e t h a n o l  
( 1 : 1 )  in  a d e p r e s s i o n  d i s h  f o r  f i v e  m in u te s  (Love and Love,  1 9 7 5 ) .
A f t e r  r i n s i n g  b r i e f l y  in w a t e r ,  s t a n d a r d  a c e t o c a r m in e  squash t e c h n i q u e  
was f o l l o w e d  (S m i t h ,  1 9 7 4 ) .  I r o n  deepened th e  s t a i n ,  b u t  h e a t i n g  was 
u n n e c e s s a r y .  F i v e  c e l l s  w ere  o b s e r v e d  f ro m  each r o o t  t i p  s l i d e .  A 
s l i d e  was p r e p a r e d  f o r  each  o f  one o r  two p l a n t s  p e r  p o p u l a t i o n ,  and 
f o u r  p o p u l a t i o n s  o f  each  ta x o n  w ere  sampled.  A t o t a l  o f  70 c e l l s  were  
o b s e r v e d .  One s l i d e  was p r e p a r e d  f o r  each o f  two h y b r i d  seeds,  each  
f r o m  a d i f f e r e n t  p l a n t ,  t h a t  r e s u l t e d  f r o m  a r t i f i c i a l  c r o s s e s ,  and 
20  c e l l s  w ere  o b s e rv e d  in  a l l .  Chromosomes w ere  examined w i t h  an 
Olympus BHS m ic ro s c o p e ,  p h o to g r a p h e d ,  and documented w i t h  a d r a w in g  
t u b e .
RESULTS
G eography  and pheno lo gy
GRAN r a n g e s  f r o m  s o u t h e r n  B r i t i s h  C o lu m b ia  t o  C o lo r a d o  and 
C a l i f o r n i a ,  w hereas  CANO ra n g e s  f r o m  w e s t e r n  G l a c i e r  P a rk  s o u th  t o  B ig  
H o le  Pass ,  B e averh e ad  C o . ,  M ontana,  and w est  t o  t h e  Pend O r e i l l e  R i v e r  
v a l l e y  and i s o l a t e d  b u t t e s  n e a r  P u l lm a n ,  W ash in g to n  ( F i g .  1 ) .  CAND and 
GRAN p o p u l a t i o n s  a t  s i m i l a r  e l e v a t i o n s  In a g i v e n  g e o g r a p h i c a l  r e g i o n  
f l o w e r  a t  t h e  same t i m e .  B o th  t a x a  b e g in  b loom in g  in l a t e  March o r
e a r l y  A p r i l  a t  t h e  lo w e s t  e l e v a t i o n s  (e ,  g . , s o u th  o f  Coeur  d ' A l e n e
L a k e ,  Idaho ,  7 10  m) , m i d - A p r i l  t o  e a r l y  May a t  m i d - e l e v a t i o n s  (e .  g , , 
S e e l e y  L a k e ,  M ontana,  1335 m ) , and June t o  J u l y  a t  h ig h  e l e v a t i o n s  
(e .  g . , CAND: l a t e  June a t  B ig  H o le  Pass,  MT, 2246 m; GRAN: m i d - J u l y  a t
Cameron Pass,  OO, 3477  m ) .
A t  a g i v e n  l o c a t i o n ,  f l o r a l  buds a r e  p r e s e n t  f o r  about  t h r e e  weeks.  
In b o th  t a x a ,  t h e  pen d u lo u s  buds b e g in  t o  open about  t h r e e  t o  s i x  days  
a f t e r  p l a n t s  emerge aboveground .  S t i g m a t i c  lobes  a r e  s l i g h t l y  r e f l e x e d  
even in  bud, and p o l l e n  g r a i n s  w i l l  ad h ere  t o  t h e  s t i g m a t i c  p a p i l l a e .  
F l o w e r s  a r e  p ro to g y n o u s ,  as e v id e n c e d  by p o l l e n  tu b e  grow th  in t h e  
s t y l e s  o f  p i s t i l s  p r i o r  t o  a n t h e s i s .  P ro to g y n y  i s  weak, however,  as  
a n t h e r s  u s u a l l y  b e g in  t o  d e h is c e  w i t h i n  ab o u t  2 h r  o f  t e p a l  o p e n in g .  
S t ig m a s  re m a in  r e c e p t i v e  in b o th  t a x a  d u r i n g  a n t h e s i s ,  as e v id e n c e d  by 
tu b e  g r o w th  o f  s e l f - p o l l e n  in  t h e  s t y l e s .  The f i r s t  t h r e e  a n t h e r s  t o  
d e h i s c e  in a f l o w e r  l i e  o p p o s i t e  t h e  o u t e r  whor l  o f  t e p a l s  ( s e p a l s )  and 
have r e l a t i v e l y  s h o r t  f i l a m e n t s .  As t h e  a n t h e r s  d e h is c e  a c r o p e t a l l y ,
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F i g .  1. D i s t r i b u t i o n  o f  E r y t h r o n i u m  g n a n d i f l o r u m  v a r s ,  
g r a n d i f \ o r u m  and c a n d id u m . V a r i e t y  g r a n d i f I o r u m : s q u a r e s .  
V a r i e t y  ca n d id u m : c i r c l e s .  S y m p a t r i c  p o p u l a t i o n s :  t r i a n g l e s  
Open symbols  d e s i g n a t e  s t u d y  s i t e s  d e s c r i b e d  in  t h e  t e x t .
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t h e y  d e c r e a s e  t o  l e s s  th a n  h a l f  t h e i r  o r i g i n a l  l e n g t h .  As d e h is c e n c e  i s  
c o m p le t e d ,  t h e  t i p  o f  t h e  a n t h e r ,  o r i g i n a l l y  a t  ab o u t  t h e  same l e v e l  as  
t h e  s t ig m a  lo b e s ,  i s  no l o n g e r  n e a r  t h e  s t ig m a .  D e p o s i t i o n  o f  s e l f ­
p o l l e n  i s  th u s  a t  l e a s t  p a r t i a l l y  p r e v e n t e d  by m e c h a n ic a l  means. The  
o t h e r  t h r e e  a n t h e r s  w i t h  lo n g e r  f i l a m e n t s  th e n  d e h is c e  in  a s i m i l a r  
manner w i t h i n  24 h r  o f  t e p a l  o p e n in g ,  and some s e l f - p o l l e n  may be 
d e p o s i t e d  on t h e  r e c e p t i v e  s t ig m a .  In  warm w e a t h e r ,  a l l  p o l l e n  is  
d i s p e r s e d  w i t h i n  60  h r  o f  bud o p e n in g .  F lo w e r s  may c l o s e  p a r t i a l l y  a t  
n i g h t ,  p a r t i c u l a r l y  d u r i n g  c o l d  w e a t h e r ,  T e p a l s  re m a in  r e f l e x e d  f o r  
ab o u t  seven  t o  10 d ay s ,  d ep en d in g  on w e a t h e r  c o n d i t i o n s .  T h r e e  weeks  
a f t e r  f e r t i l i z a t i o n  o f  h a n d - p o l l i n a t e d  f l o w e r s ,  f r u i t s  a r e  e n l a r g i n g  and  
u p r i g h t .  A f t e r  f o u r  weeks,  f r u i t s  a r e  about  2 cm lo ng ,  and m a tu r e  by 
e i g h t  weeks.  F r u i t s  d e h i s c e  a t  m a t u r i t y  about  two months a f t e r  
p o l l i n a t i o n ,  and seeds f a l l  t o  t h e  ground g r a d u a l l y  as th e  f r u i t s  a r e  
shaken by w in d  o r  o t h e r  d i s t u r b a n c e s .
P o l l i n a t  i on s t u d i es
In  f i e l d  s t u d i e s ,  s e l f - p o l l e n  grew t h e  f u l l  l e n g t h  o f  CANO s t y l e s  
and o n l y  p a r t i a l l y  down GRAN s t y l e s  (p e rh a p s  in p a r t  due t o  c o l d  
w e a t h e r ) .  N o n e t h e l e s s ,  in  a l l  p o p u l a t i o n s  t e s t e d ,  bo th  t a x a  were  
o b l i g a t e  o u t c r o s s e r s ,  p r o d u c in g  no seeds v i a  s e l f - p o l l i n a t i o n  o r  
agamospermous a p o m i x i s .  T r e a t m e n t s  f o r  s e l f - c o m p a t i b i l i t y ,  m ech a n ic a l  
autogam y,  and agamospermy w ere  t h e r e f o r e  o m i t t e d  f r o m  T a b l e  3 .  A l t h o u g h  
h a n d - p o l l i n a t e d  f l o w e r s  exam ined m i c r o s c o p i c a l l y  r e v e a l e d  numerous 
p o l l e n  t u b e s  g ro w in g  in  t h e  s t y l e s ,  w i t h i n - t a x o n  manual c r o s s e s  d i d  n o t  
y i e l d  more seeds  th a n  d i d  t h e  u n m a n ip u la t e d  g ro u p .  In f a c t ,  t h e y  
pro d u ced  f e w e r  seeds ( T a b l e  3,  O p e n - p o l l i n a t e d  vs .  W i t h i n  Taxon
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C r o s s e s ) .  A l t h o u g h  p l a n t s  a t  Owl G re ek  w ere  h a n d - p o l l i n a t e d  on t h r e e  
d i f f e r e n t  d a t e s  (5 ,  9 ,  o r  11 May, 1 9 8 4 ) ,  t h e  o n l y  p l a n t s  t h a t  s e t  seeds  
w e re  p o l l i n a t e d  on 9 May ( T a b l e  3,  W i t h i n  Taxon C r o s s e s ) .  Numbers o f  
d e v e l o p i n g  o v u l e s  p e r  f r u i t  c o l l e c t e d  10 -  20  days a f t e r  p o l l i n a t i o n  in  
1962 w e re  h i g h e r  t h a n  numbers o f  m a t u r e  seeds p e r  f r u i t  c o l l e c t e d  two  
months a f t e r  p o l l i n a t i o n  in 1983 and 1984 ( T a b l e  3,  O p e n - p o l l i n a t e d ) .  
R e c i p r o c a l  c r o s s - p o l l i n a t i o n  between GRAN and CAND r e s u l t e d  in  seed s e t  
o n l y  when t h e  p l a n t s  t h a t  w ere  c ro s s e d  came f ro m  p o p u l a t i o n s  d i s t a n t  
b o th  f r o m  eac h  o t h e r  and f r o m  s y m p a t r i c  p o p u l a t i o n s  ( T a b l e  3 ,  R e c ip r o c a l  
C ro s s  P o l l i n a t i o n ,  1982 and 1 9 8 3 ) .  P l a n t s  f ro m  s y m p a t r i c  s i t e s  produced  
some f r u i t s  ( e n l a r g e d  o v a r i e s  a f t e r  two months)  when GRAN p o l l e n  
p o l l i n a t e d  CAND p i s t i l s ,  b u t  s e t  no f u l l y  d e v e lo p e d  seeds f ro m  e i t h e r  
t y p e  o f  r e c i p r o c a l  c r o s s  ( T a b l e  3,  R e c ip r o c a l  C ros s  P o l l i n a t i o n ,  1 9 8 4 ) ,  
F i g u r e  2 d e p i c t s  t h e  g e r m i n a t i o n  and subsequent  t h r e e  y e a r  
s u r v i v o r s h i p  o f  seeds f r o m  t h e  1983 p o l l i n a t i o n  s t u d i e s  p l a n t e d  a t  th e  
U n i v e r s i t y  o f  Montana e x p e r i m e n t a l  g a rd e n .  A l t h o u g h  o n l y  20% o f  th e  
see ds  f r o m  t h e  CAND x CAND c r o s s e s  g e r m in a t e d  ( F i g  2 ) ,  th e s e  c ro s s e s  
produced  more th a n  t w i c e  as many seeds p e r  p l a n t  as any o t h e r  t r e a t m e n t  
( T a b l e  3 ) ,  and y i e l d e d  t h r e e  t i m e s  as many s u r v i v i n g  s e e d l i n g s  p e r  p l a n t  
t r e a t e d  as d i d  GRAN x GRAN by May 1986.  F o r  a 1 I t r e a t m e n t s ,  seed  
m o r t a l i t y  was h i g h e s t  d u r i n g  t h e  f i r s t  w i n t e r .  Once th e  seeds  
g e r m i n a t e d ,  t h e  s e e d l i n g  numbers r e m a in e d  r e l a t i v e l y  c o n s t a n t .
T ABL E 3 .  P o l l i n a t i o n  s t u d y  r e s u l t s .  T r e a t m e n t s  a r e  d e s c r i b e d  i n  t e x t .
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^ I n  1 9 8 ? ,  f r u i t s  w i t h  d e v e l o p i n g  o v u l e s  w e r e  c o l l e c t e d  on 1? H a y ,  10  -  ?0  d a y s  a f t e r  p o l l i n a t i o n .
^ I n  1 9 8 3  a n d  1 9 8 4 ,  n a t u r e  o r  a l m o s t  n a t u r e  s e e d s  w e r e  c o l l e c t e d  a p p r o x i m a t e l y  ? m o n t h s  a f t e r  
p o l I i n a t I  o n .
* T h e s e  p l a n t s  w e r e  r a n d o m l y  c o l l e c t e d  a t  t h e  t i m e  o f  f r u i t  c o l l e c t i o n ;  t h u s ,  t h e  p e r c e n t a g e  o f  p l a n t s
w i t h  e n l a r g e d  o v u l e s  may  h a v e  b e e n  o v e r r e p r e s e n t e d  ( i . e . ,  t h e s e  p l a n t s  w e r e  m o r e  e a s i l y  l o c a t e d  t h a n
t h o s e  s e n e s c e d  p l a n t s  w i t h o u t  d e v e l o p i n g  f r u i t s ) .
* A I I  b u t  o n e  o f  t h e s e  p l a n t s  w e r e  l e f t  t o  d e v e l o p  s e e d s ;  h o w e v e r ,  a t  c o l l e c t i o n  t i m e ,  no f r u i t s  w e r e  
f o u n d .  T h e y  may  h a v e  f a i l e d  t o  d e v e l o p ,  b e e n  e a t e n ,  o r  a l r e a d y  d e h i s c e d .  T w e n t y - t w o  o v u l e s  w e r e  
d e v e l o p i n g  m  t h e  1 CAND x GRAN f r u i t  t h a t  wa s  e x a m i n e d .  By c o n t r a s t ,  t h e  a v e r a g e  n u m b e r s  o f  
d e v e l o p i n g  o v u l e s  f o r  o n l y  s u c c e s s f u l  o p e n  p o l l i n a t e d  p l a n t s  w e r e  4 6  o v u l e s  f o r  CAND ( n : 7 |  a n d  51  
o v u l e s  f o r  GRAN ( n - - 1 9 )  .
® T h i s  e x p e r i m e n t  wa s  n o t  c o n d u c t e d  i n  1 9 8 ? .
NOT E :  Al fG \ S O S / P L  ( a v e r a g e  n u m b e r  o f  s e e d s  p e r  p l a n t )  i n c l u d e s  p l a n t s  w i t h  s e e d  s e t  o f  0 .
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F i g .  2 .  Seed g e r m i n a t i o n  and s u b s e q u e n t  s e e d l i n g  s u r v i v o r s h i p .  
Seeds w ere  p l a n t e d  in  A u g u s t ,  1983 ,  and g e r m i n a t e d  in  M a rc h ,  198 4 .  
CAND X CAND ( t r i a n g l e s ) :  18 p l a n t s ,  175 see ds  r e c o v e r e d ,  88  s e e d s
p l a n t e d .  GRAN x GRAN ( c i r c l e s ) :  25  p l a n t s ,  64  s e e d s  r e c o v e r e d ,
31 seeds p l a n t e d .  CAND $  x GRAN ( i n v e r t e d  t r i a n g l e s ) :  25
p l a n t s ,  117 see ds  r e c o v e r e d ,  57  see ds  p l a n t e d ,  GRAN? x CAND 
( s q u a r e s ) :  24 p l a n t s ,  9 seeds  r e c o v e r e d ,  5 see ds  p l a n t e d .
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Pol 1 i n a t o r  o b s e r v a t i o n s
D u r i n g  52  h r  o f  o b s e r v a t i o n ,  43  bee p o l l  i n a t o r s  w ere  o b s e rv e d  and 
21 c o l l e c t e d  ( T a b l e  4 ) .  P o l l e n  loads  o f  bees a r e  summarized in  T a b l e  5 ,  
and p o l l i n a t o r  b e h a v i o r  i s  r e c o r d e d  in A p pend ix  A. A p p a re n t  p o l l i n a t o r s  
o b s e r v e d  f o r  b o th  GRAN and CAND w ere  Bombus b i s a r I  us C res son ,  A p is  
met 1 i f e r a  L i n n . ,  Andrena  n i g r i h i r t a  (Ashm ead) , and Mel I t t i d  bees ( t h e  
l a t t e r  on CAND o n l y ) .  A p p a r e n t  p o l l i n a t o r s  w ere  th o s e  v i s i t o r s  t h a t ,  
w h i l e  g a t h e r i n g  n e c t a r  a n d / o r  p o l l e n ,  came i n t o  b o d i l y  c o n t a c t  w i t h  bo th  
s t ig m a s  and a n t h e r s  o f  E r y t h r o n i  urn f l o w e r s .  O t h e r  v i s i t o r s ,  such as t h e  
h a l i c t i d  bee E v y la e u s  s p p . , a m e l o i d  b e e t l e ,  m id ges ,  and s p i d e r s ,  
a p p e a re d  t o  be i n e f f e c t i v e  p o l l i n a t o r s .
Bumble bee s ,  honey bees and m e l i t t i d  bees a p p eared  t o  respond t o  
c o r o l l a  c o l o r  a n d / o r  o d o r ,  as t h e y  f l e w  d i r e c t l y  f ro m  f l o w e r  t o  f l o w e r .  
They g e n e r a l l y  lan d ed  on t h e  s tam ens ,  and o f t e n  h e l d  o n to  t h e  t e p a l s
w i t h  some o f  t h e i r  l e g s .  A bee f a c e d  t h e  t e p a l  bases and s y s t e m a t i c a l l y
g a t h e r e d  n e c t a r  f r o m  each  t e p a l ,  e n c i r c l i n g  t h e  gynoecium. In d o in g  so,  
t h e  bee  g a t h e r e d  p o l l e n  s t e r n o t r i b i c a l l y  and on t h e  le g s ,  and a l s o
b rush ed  i t s  body a g a i n s t  t h e  s t i g m a t i c  lo b e s .  Red p o l l e n  was seen on
s t ig m a s  o f  f l o w e r s  p r o d u c in g  w h i t e  p o l l e n  f o l l o w i n g  bee a c t i v i t y  a t  
a l l o p a t r i c  p o p u l a t i o n s .  Andrena n i g r i h i r t a  i n d i v i d u a l s  were to o  sm al l  
t o  b ru sh  a g a i n s t  t h e  a n t h e r s  w h i l e  c o l l e c t i n g  n e c t a r  a t  th e  t e p a l  bases ,  
so a f t e r  n e c t a r  g a t h e r i n g  was c o m p le te d ,  t h e  a n d r e n id s  c o l l e c t e d  p o l l e n  
d i r e c t l y  f r o m  t h e  a n t h e r s .  In  so d o in g ,  t h e i r  b o d ie s  c o n t a c t e d  t h e  
s t i g m a  lo b e s .
E a r l y  in  t h e  season ,  E. g r a n d i f 1orum was t h e  o n l y  p l a n t  s p e c i e s  
b lo o m in g  w i t h i n  i t s  h a b i t a t .  P o l l i n a t o r s ,  by n e c e s s i t y ,  e x h i b i t e d
22
f l o r a l  c o n s ta n c y  as  r e f l e c t e d  by t h e i r  p o l l e n  lo a d s  and ob s erved  
b e h a v i o r  (A p p e n d ix  A ) .  As o t h e r  s p e c i e s  came i n t o  bloom, bumble bees  
ig n o r e d  E r y t h r o n  i um. and v i s i t e d  o t h e r  s p e c i e s  such as A r c t o s t a p h y 1 os  
u v a - u r s i  and Dodecatheon c o n ju g e n s  (A ppe nd ix  A ) .  L a t e  in t h e  f l o w e r i n g  
sea so n ,  honey bees and a n d r e n i d  bees p o l l i n a t e d  GRAN, and m e l i t t i d  bees  
p o l l i n a t e d  CAND a t  t h e  p o p u l a t i o n s  o b s erved  (Append ix  A ) .
TABLE 4 .  Summary o f  o b s e r v a t i o n  ho u rs  and c o l l e c t i o n s  o f  p o l l i n a t o r s
E r y t h r o n  i um Hours o f No. o f  bees N o . o f  bees
spp.  p r e s e n t o b s e r v â t  i on obs erved col 1e c t e d
GRAN 1 3 . 0 on GRAN: 15 10
on o t h e r  spp. : 8 2
CAND 2 6 . 0 on CAND: 9 5
on o t h e r  spp. : 6 2
m ixed  pop. 1 3 . 0 on b o th : 1 1
on GRAN &
o t h e r  s p p . : 1 1
on o t h e r  spp. : 3 0
T o t a l 5 2 . 0 43 21
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TABLE 5.  P o l l e n  l oads  o f  bees c o l l e c t e d  on E r y t h r o n  i um g r and i  f  I orua 
and c ob l o o mi n g  s p e c i es
bee s p e c i e s  (n) no.  g r a i n s  coun t ed I E r y t h r o n i u m  g r a i n s
on 6RAH
Ap i s  m e l 1 i f e r a (6) 1 0 0 , 5 9 , 1 0 0 , 1 0 0 , 1 0 0 , 1 0 0 88 ( s d : 2 5 ,  r a n g e : 37 1001
Bombus b i s a r i  us (1) 57 98
Andr ena n i g r i h i r t a (2) 100, 100 100
Evy l aeus  spp, (2» 0 ^ , 7 0 , 29
on CAND
Bombus b i s a r i  us ( t ) 100 100
Andr ena n i g r i  h i r t a (1) 100 100
H e U t t i d b (3) 100,  100, 100 100
on GRAN and CAND
Bombus b i s a r i  us (1) 57 89
on A r c t o s t a p h y 1 os uva - u r s i
Bombus b i s a r  i us (2) 5 , 3 40, 0
^No p o l l e n  was p r e s e n t ,
^These bees were l o s t  b e f o r e  t h e i r  genus c ou l d  be d e t e r mi n e d .
P o l l e n  v i a b i l i t y
Mean p o l l e n  v i a b i l i t y  was 92 .8%  ( s . d .  = 1 0 . 0 4 ,  ra n g e  = 5 6 . 5  -  9 8 . 0 )  
f o r  GRAN and 91 .6%  ( s . d .  = 1 0 . 5 4 ,  ra n g e  = 6 3 . 0  -  1 0 0 .0 )  f o r  CAND.
C y t o l o g y
Chromosome co u n ts  o f  2n = 24 f o r  GRAN a g re e d  w i t h  those  o f  n = 12 
(S m i t h ,  1955)  and 2n = ca .  24  (Cave,  1970 ) ;  CAND a l s o  had 2n = 24 
chromosomes ( T a b l e  6 ) .  No v a r i a t i o n  in  chromosome number was o b s e rv e d  
in  e i t h e r  GRAN o r  CAND. Seeds f ro m  p i s t i l l a t e  CAND x s t a m i n a t e  GRAN
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c r o s s e s  e x h i b i t e d  v a r i a b l e  c o u n ts  o f  2 n = ca .  2 2 - 2 6  w i t h i n  an 
I n d i v i d u a l  r o o t  t i p  ( T a b l e  6 ) ,  w i t h  p u t a t i v e  c o n n e c t io n s  between some 
chromosomes in  some c e l l s  ( F i g ,  3 ) .
TABLE 6 .  New chromosome c o u n ts  in E r y t h r o n  i um g r a n d i f 1orum. A l 1 
c o l l e c t i o n s  o f  t h e  a u t h o r .
E. g r a n d i f 1orum v a r .  g r a n d i f 1orum
2n = 24 .  MONTANA: G l a c i e r  N a t i o n a l  P a rk ,  135 ; M is s o u la  C o . ,
1 2 5 , 1 2 6 . 1 2 9 .
E. g r a n d i f 1orum v a r .  candidum
2n = 24 .  MONTANA: G l a c i e r  N a t i o n a l  P a rk ,  136 ; M is s o u la  C o . ,  1 2 7 . 
1 2 8 , 1 3 3 .
p i s t i I  l a t e  E. g ra n d  i f 1orum v a r .  cand i dum x s t a m i n a t e  E. g ran d  i f 1orum  
v a r .  g ra n d  i f 1orum
2n = ca .  2 2 - 2 6 .  MONTANA: M is s o u l a  C o . ,  22A.
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F i g .  3.  Root  t i p  chromosomes o f  p i s t i l l a t e  CAND x s t a m i n a t e  GRAN 
A rrow s  i n d i c a t e  p u t a t i v e  chromosomal c o n n e c t i o n s .  A, 2n = 2 4 .
B. 2n = 25 .  S c a l e  = 10
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DISCUSSION
G eography  and pheno lo gy
I f  E r y t h r o n I u m  grand  t f 1orum v a r s .  g r a n d i  f I o r u m  and candidum w ere  
c o m p l e t e l y  a l l o p a t r i c ,  gene f l o w  w ould  be p r e v e n t e d .  Such s p a t i a l  
i s o l a t i o n  c o u ld  p r o v i d e  a s e t t i n g  f o r  sub sequent  g e n e t i c  d i f f e r e n t i a t i o n  
betw een t h e  t a x a .  S p a t i a l  i s o l a t i o n  is  n o t  co m p le te  a t  p r e s e n t ,  
however ,  as a fe w  s y m p a t r i c  p o p u l a t i o n s  do e x i s t .  The amount o f  s p a t i a l  
i s o l a t i o n  betw een t h e  t a x a  d u r i n g  t h e  p a s t  is  unknown, b u t  c e r t a i n l y  
ra n g e s  o f  p l a n t  s p e c i e s  have changed c o n t i n u a l l y  d u r i n g  and s i n c e  t h e  
P l e i s t o c e n e  ( M e h r i n g e r ,  1985 and r e f e r e n c e s  w i t h i n ) .  E x t e r n a l  b a r r i e r s  
such as p h e n o lo g y  and geo g rap h y  w ould  b re a k  down d u r i n g  such p e r i o d s  o f  
f r e q u e n t  change.  A t  s i t e s  o f  p r e v i o u s  g l a c i a t i o n ,  p r e s e n t  d i s t r i b u t i o n  
p a t t e r n s  o f  b o th  t a x a  r e f l e c t  m i g r a t i o n  i n t o  th o s e  s i t e s .  Seed 
d i s p e r s a l  by t h e  p l a n t  does n o t  seem t o  p l a y  an i m p o r ta n t  r o l e  in ra n g e  
e x p a n s i o n ,  and i t s  a p p a r e n t  i n e f f e c t i v e n e s s  may h e l p  t o  keep  t h e  two  
t a x a  g e o g r a p h i c a l l y  i s o l a t e d .  A l t h o u g h  i t  has n o t  been o b s e rv e d ,  animal  
a c t i v i t y  may a i d  in seed d i s p e r s a l .  S in c e  t h e  p l a n t s  a r e  e d i b l e ,  and 
t h e  Montana S a l i s h  I n d i a n s  a r e  known t o  have o c c a s i o n a l l y  e a t e n  t h e  
b u l b s  o f  GRAN ( H a r t ,  1 9 7 6 ) ,  i t  i s  p o s s i b l e  t h a t  p e o p le  have p l a y e d  a 
r o l e  in  t h e  m i g r a t i o n  o f  t h e  t a x a .
Gene f l o w  between t a x a  can be t e m p o r a l l y  p r e v e n t e d  i f  t h e y  bloom a t  
d i f f e r e n t  t  imes o f  day o r  on d i f f e r e n t  days .  F i e l d  s t u d i e s  i n d i c a t e d  t h a t  
GRAN and CAND a r e  in  a n t h e s i s  a t  t h e  same t i m e ,  so tem pora l  i s o l a t i o n  is  
p r o b a b l y  n o t  an e f f e c t i v e  mechanism in t h e s e  t a x a .
27
28
C y t o l o g y
R e l a t e d  t a x a  w i t h  d i f f e r e n t  chromosome numbers may produce  h y b r i d s ,  
y e t  t a x a  w i t h  t h e  same chromosome number common I y f a i l  t o  c r o s s  ( G r a n t ,  
1 9 8 1 ) ;  t h u s  a common chromosome number does n o t  i n s u r e ,  n o r  is  i t  a 
p r e r e q u i s i t e  o f ,  h y b r i d  f o r m a t i o n .  Root  t i p s  o f  GRAN and CAND 
c o n s i s t e n t l y  e x h i b i t e d  2n = 24 chromosomes, y e t  each i n d i v i d u a l  in t h e  
sm a l l  sam ple  o f  t h e i r  h y b r i d s  e x h i b i t e d  v a r i a b l e  chromosome numbers.
As c h r o m a t i d s  c o u ld  be seen in each chromosome, h ig h  a n e u p l o id  
chromosome c o u n ts  d i d  n o t  r e s u l t  f r o m  e a r l y  c e n t r o m e r e  d i v i s i o n .  
L i k e w i s e ,  t h e  c o u n ts  lo w e r  th a n  t h e  d i p l o i d  number a r e  a l s o  u n e x p l a in e d .  
W h i l e  r o o t s  o f t e n  v a r y  in chromosome number, i t  i s  i n t e r e s t i n g  t h a t  in 
t h e s e  t a x a  t h i s  phenomenon was o b s e rv e d  o n l y  in  h y b r i d s .  I t  i s  a l s o  
unknown why a p p a r e n t  co n n e c t  i ons between chromosomes wouId  fo rm  i n 
m i t o t i c  m a t e r i a l ,  s i n c e  t h e r e  is  no p a i r i n g  o f  homologous chromosomes 
d u r i n g  mi t o s i s .
P o l l i n a t i o n  s t u d i e s
T a b l e  7 compares some p o l l i n a t i o n  c h a r a c t e r i s t i c s  o f  seven s p e c ie s  
o f  E r y t h r o n  i um. GRAN, CAND and E. umb i 1 I i  catum a r e  p ro to g y n o u s .  A l 1 
o t h e r  r e p o r t e d  s p e c i e s  a r e  p r o t a n d r o u s ,  a l t h o u g h  t h e  p r o t a n d r y  in  
E. Japon i cum is  weak. P o l l e n  v i a b i l i t y  f o r  GRAN and CAND is  s i m i l a r  t o  
t h a t  o f  E. Japon i cum ( U t e c h  and Kawano, 1 9 7 5 ) ,  t h e  o n l y  o t h e r  o b l i g a t e  I y 
o u t c r o s s i n g  s p e c i e s  o f  t h e  genus t h a t  has been t e s t e d  f o r  p o l l e n  
v i a b i I i t y .
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TABLE 7 Cocparison of sevtra) Erythronlu» species
E. albidum E. propu II ans C. americaniim E. unbilicatum 
Bsp. unbilicalum
E. japonicum E. fandiflorum 
var. grandiflorum
E. grandiflorum 
var. cand1dum
BEFEfiEMCE Banks, 1980 Banks, I960 Bernhardt,
1977
Molten, 1983 Katano and 
Nagai, 1962 
except there 
noted
this paper 
except there 
noted
Ihis paper 
except there 
noted
DICWJbAltr protandrous 
(also Schemske 
et al., I9T8I
protandrous teak 1 y 
protogynous 
(Hot ten, 1986)
teak1y 
protandrous
leakly
protogynous
teakly
protogynous
BREEDING
SYSTEMS
facultatiyely
outcrossing
must cross 
lith E. albidum 
to produce 
seeds
outGrosser, but 
didn't lest 
for manual 
aid
facultatively
outcrossing
outcrosser, but 
didn't test 
for manual 
aid
obligate outcrosser 
(also reported as 
facultative outcrosser - 
A. Snot, pers. com. in 
Thomson and Stratton, 1965)
obligate
outcrosser
CHROMOSOME
NUMBERS
n : 22
’(Snilh, 19551
2n : ca.4t 2n : 48 
(Smith, 1955; 
Parks and 
Hardin, 1963)
2n : 24 
(Parks and 
Hardin, 1963)
2n : 24 
(Utech and 
Katano, 1976)
2n : 24 (this paper) 
n : 12 (Smith, 1955)
2n : ca. 24 (Cave, 1970)
2n : 24
1 SIAIHABLE
r u u H
57.3% 37.2% 95.3% / 96.2%' 
(Utech and 
Katano, t975)
92.8% 9t.6%
POLLEN:
OVUIE
9SS:I 767:1 — — 4600:1 — --
POELINAIOS-
LIHUED?
results varied 
depending on 
pollen source 
distance
didn't hand- 
poll inate for 
comparison 
nth controls
no yes no no
*95.3% of pollen grains stained tilh acelo-camine; 96.2% of pollen grains gemmated on agar medium.
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GRAN and CAND a r e  s i m i l a r  in  c o m p a t i b i l i t y  t o  t h e  o t h e r  s p e c ie s  
s t u d i e d ;  a l l  a r e  o u t b r e e d e r s ,  e i t h e r  o b l i g a t e  o r  f a c u l t a t i v e .  S in c e  
s e l f - p o l l e n  t u b e s  grew t h e  f u l l  l e n g t h  o f  CAND s t y l e s  and p a r tw a y  down 
GRAN s t y l e s ,  t h e  o b s e r v e d  s e l f - i n c o m p a t i b i l i t y  i s  n o t  s p o r o p h y t i c ,  bu t  
r a t h e r  g a m e t o p h y t i c , o v u l a r  o r  p o s t - z y g o t i c .  O v u l a r  and p o s t - z y g o t i c  
i n c o m p a t i b i l i t y  systems a r e  u s u a l l y  c o n s id e r e d  r a r e ,  bu t  o c c u r  in  many 
s p e c i e s  o f  t r o p i c a l  t r e e s  in C o s ta  R i c a  (Bawa e t  a l . ,  1905 and 
r e f e r e n c e s  w i t h i n ) .  The s t y l e s  o f  E r y t h r o n  i um a r e  h o l lo w  ( i .  e . , 
l a c k  t r a n s m i s s i o n  t i s s u e ) ,  as  a r e  t h e  s t y l e s  o f  most s p e c ie s  h a v in g  t h e  
i n c o m p a t i b i l i t y  r e a c t i o n  l o c a l i z e d  in t h e  o v u l e s  (de N e t t a n c o u r t ,  1977; 
L i n s k e n s ,  1975 and r e f e r e n c e s  t h e r e i n ) .
S i n c e  w i t h i n - t a x o n  manual c r o s s e s  d i d  n o t  produce more seeds th a n  
d i d  t h e  c o n t r o l s ,  seed p r o d u c t i o n  a p p a r e n t l y  i s  n o t  p o l l  i n a t o r - l i m i t e d .  
S i m i l a r  c o n c l u s i o n s  w ere  re a c h e d  by M o t te n  (1983 )  f o r  E. umb i 1 i catum  
( T a b l e  8 ) .  Banks '  ( 1 9 8 0 )  r e s u l t s  f o r  E. a 1b i dum w ere  v a r i a b l e ,  
d e p e n d in g  on t h e  d i s t a n c e  o f  t h e  p o l l e n  s o u rc e .  C o n v e r s e ly ,  Kawano and 
Nagai ( 1 9 8 2 )  and Schemske e t  a l . ( 1978 )  fo u n d  E. Japon I cum and
E. a Ib  i dum. r e s p e c t i v e l y ,  t o  be p o l l i n a t o r - l i m i t e d  in seed p r o d u c t i o n .  
However ,  Schemske e t  a l , (19 7 8 )  a l s o  fo u n d  t h a t  t h e  im por tance  o f
p o l l i n a t o r  l i m i t a t i o n  i s  o f f s e t  i f  a b o r t i o n  o f  f e r t i l i z e d  o v u le s  is  
r e l a t i v e l y  g r e a t .  Com par ison  o f  my 1982 p o l l i n a t i o n  r e s u l t s  w i t h  t h o s e  
o f  1983 and 1984 ( T a b l e  3) i n d i c a t e s  t h a t  h ig h  o v u le  a b o r t i o n  may o c c u r  
in  E. g r a n d  i f 1o rum . In  f a c t ,  a t  a d r y  s i t e  where  CAND i n d i v i d u a l s  
bloomed v e r y  e a r l y  in  t h e  season (25  A p r i l  1 9 8 2 ) ,  and where bumble bee 
p o l l i n a t o r s  w ere  a c t i v e ,  no f r u i t s  w ere  s e t  a t  a l l .  S tephenson (1981 )  
i n d i c a t e s  t h a t  in  many s p e c i e s ,  p o l l i n a t i o n  does n o t  l i m i t  f r u i t  s e t .
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The  f a c t  t h a t  a l l  h a n d - p o l l i n a t e d  p l a n t s  t h a t  s e t  seed a t  Owl C re e k  
w e re  p o l l i n a t e d  on t h e  same day p r o v i d e s  f u r t h e r  e v i d e n c e  t h a t  seed s e t  
i s  l i m i t e d  by some f a c t o r  o t h e r  th a n  p o l l i n a t i o n .  S in c e  p l a n t s  t h a t  
w ere  r e c e p t i v e  on t h e  d i f f e r e n t  days m a tu re d  a t  d i f f e r e n t  t i m e s ,  t h e y  
may have e x p e r i e n c e d  d i f f e r e n t  e n v i r o n m e n ta l  c o n d i t i o n s  t h a t  in t u r n  may 
have a f f e c t e d  seed  s e t .
E x t e n s i v e  f i e l d  s t u d y  t h r o u g h o u t  t h e  Known ra n g e  o f  CAND has shown 
t h a t  CAND and GRAN p o p u l a t i o n s  a r e  u s u a l l y  a l l o p a t r i c ,  even w here  t h e  
ra n g e s  o f  t h e  t a x a  o v e r l a p .  A l t h o u g h  g e o g r a p h ic  b a r r i e r s  and 
r e p r o d u c t i v e  b a r r i e r s  may work s e p a r a t e l y ,  t h e y  may a l s o  work in  
c o n c e r t .  L e w is  ( 1 9 6 1 ,  1966)  has shown t h a t  in some annual s p e c ie s  
r e p r o d u c t i v e  b a r r i e r s  can m a i n t a i n  g e o g r a p h i c  i s o l a t i o n  by mutual  
c o m p e t i t i v e  e x c l u s i o n  f r o m  c o n t a c t  z ones .  Cl a r k  i a b i I o b a  and i t s  
d e r i v a t i v e  C. I i n g u 1a t a . f o r  exam ple ,  a r e  u n a b le  t o  grow t o g e t h e r  in 
e x p e r i m e n t a l l y  m ixed  p o p u l a t i o n s .  The s p e c ie s  in low e r  f r e q u e n c y  a t  a 
g i v e n  s i t e  p ro d u ces  a h i g h e r  p r o p o r t i o n  o f  h y b r i d s .  C o n s e q u e n t ly ,  i t s  
own r e l a t i v e  f r e q u e n c y  i s  re d u c e d  and i t  is  e v e n t u a l l y  e l i m i n a t e d  f ro m  
t h e  s i t e .  L ew is  c i t e d  t h e  r e l a t i o n s h i p  between L a s th e n  i a f r e m o n t  i i 
( A s t e r a c e a e )  and L. co n ju g e n s  as a n o t h e r  exam ple .  A l th o u g h  t h e s e  
s p e c i e s  grow in  co m p a ra b le  e c o l o g i c a l  s i t e s  c l o s e  t o  one a n o t h e r ,  t h e y  
do n o t  grow s y m p a t r i c a l I  y , W h i l e  t h e y  h y b r i d i z e  in c u l t i v a t i o n ,  t h e  
h y b r i d s  have low f e r t i l i t y  ( L e w is ,  1 9 6 6 ) .  L ew is  p r e d i c t e d  t h a t  such  
i n t e r f e r t i l e  s p e c i e s  w ou ld  c o n t i n u e  t o  m u t u a l l y  e x c lu d e  each o t h e r  f ro m  
c o n t a c t  zones  u n t i l  such t im e  as s e l e c t i o n  f o r  r e p r o d u c t i v e  i s o l a t i o n  
( c f .  G r a n t  1981)  o c c u r re d ;  th e n  t h e  s p e c i e s  c o u ld  c o e x i s t  a t  a g i v e n  
s i t e .  He p r o v i d e s  an exam ple  i n v o l v i n g  Cl a r k  i a w i l l i a m s o n  i i and
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Ç.  S p e c i o s a . I n t e r s p e c i f i c  c r o s s e s  between p l a n t s  in  t h e  a r e a  where  t h e  
s p e c i e s  a r e  s y m p a t r i c  p rodu ce  no o f f s p r i n g ;  o t h e r w i s e  t h e y  a r e  
i n t e r f e r t i l e  (L e w is ,  1 9 6 6 ) .
R e c i p r o c a l  c r o s s  p o l l i n a t i o n  e x p e r im e n t s  between CAND and GRAN 
r e v e a l e d  t h a t  t h e  t a x a  can c r o s s  and produce v i a b l e  seeds o n l y  i f  t h e  
p l a n t s  t h a t  a r e  c r o s s e d  come f r o m  a l l o p a t r i c  p o p u l a t i o n s  t h a t  a r e  
d i s t a n t  b o t h  f r o m  each o t h e r  and f ro m  s y m p a t r i c  p o p u l a t i o n s  ( T a b l e  3,  
R e c i p r o c a l  C ro s s  P o l l i n a t i o n ) .  Thus,  t h e s e  r e s u l t s ,  a t  l e a s t  a t  th e  
s y m p a t r i c  s i t e s ,  a r e  c o n t r a r y  t o  t h e  we I 1-docum ented  g e n e r a l i z a t i o n s  
( G r a n t ,  1981)  t h a t  1) c l o s e l y  r e l a t e d  p e r e n n i a l  h e rbaceous  s p e c ie s  a r e  
u s u a l l y  i s o l a t e d  by e x t e r n a l  f a c t o r s  ( e c o l o g i c a l ,  s e a s o n a l ,  e t h o l o g i c a l  
o r  m e c h a n i c a l ) ,  and 2) such s p e c i e s  h y b r i d i z e  n a t u r a l l y  i f  e x t e r n a l  
b a r r i e r s  b r e a k  down. R a t h e r ,  in t h i s  case ,  i n t e r n a l  b a r r i e r s  may have  
d e v e lo p e d  v i a  s e l e c t i o n  f o r  e t h o l o g i c a l  o r  i n c o m p a t i b i l i t y  b a r r i e r s  
( G r a n t ' s  " s e l e c t i o n  f o r  r e p r o d u c t i v e  i s o l a t i o n " )  in  c o n t a c t  zones  
betw een  GRAN and CAND ( c f .  L e w is ,  1961,  1 9 6 6 ) .  These r e s u l t s  a r e  
s i g n i f i c a n t  because i t  i s  g e n e r a l l y  b e l i e v e d  t h a t  s e l e c t i o n  f o r  
e t h o l o g  I c a l  o r  m e c h a n ic a l  b a r r i e r s  is  r e l a t i v e l y  i n e f f e c t i v e  in lo n g -  
l i v e d  p e r e n n i a l  p l a n t s  ( G r a n t ,  1 9 8 1 ) .  W h i l e  G r a n t  (1 9 8 1 ,  p. 179) s t a t e s  
t h a t  "some p e r e n n i a l  h e r b s  p r o b a b l y  app ro ach  a n n u a ls  in t h e i r  
r e s p o n s i v e n e s s  t o  s e l e c t i o n  f o r  i s o l a t i o n " ,  he c i t e s  o n ly  one exam ple .  
T h i s  i n e f f e c t i v e n e s s  m ig h t  e x p l a i n  why o n l y  a few s y m p a t r i c  p o p u l a t i o n s  
o f  GRAN and CAND have been l o c a t e d ,  i . e . ,  o n l y  r a r e l y  has r e p r o d u c t i v e  
i s o l a t i o n  o c c u r r e d  t o  p r e v e n t  m utua l  e x c l u s i o n  f r o m  a s y m p a t r i c  s i t e .  
P e rh a p s  b i o l o g i c a l  b a r r i e r s  a r o s e  in p o p u l a t i o n s  w here  th e  t a x a  were  
r e p r e s e n t e d  in a p p r o x i m a t e l y  equa l  p r o p o r t i o n s .  In  such a case ,  each
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ta x o n  w ou ld  have an equal  p r o b a b i l i t y  o f  w a s t i n g  gametes t o  h y b r i d  
f o r m a t i o n ,  and c o n c e i v a b l y  an e q u i l i b r i u m  m ig h t  be m a i n t a i n e d  long  
enough f o r  i n c o m p a t i b i l i t y  b a r r i e r s  t o  d e v e lo p  between th e  t a x a .  
A l t e r n a t i v e l y ,  i t  is  p o s s i b l e  t h a t  d i f f e r e n t  p o p u l a t i o n s  o f  bo th  CAND 
and GRAN v a r y  w i t h  r e g a r d  t o  t h e i r  i n c o m p a t i b i l i t y  a l l e l e s .  The a b o v e -  
m e n t io n e d  s c e n a r i o  w ou ld  be t h e  same, e x c e p t  t h a t  in c o m p a t i b le  s y m p a t r i c  
p o p u l a t i o n s  w ou ld  have a c q u i r e d  t h e i r  f e r t i l i t y  b a r r i e r s  by chance  
b e f o r e  p o p u l a t i o n s  o f  t h e  two t a x a  came i n t o  c o n t a c t  w i t h  each o t h e r .  
S i n c e  GRAN has a much w i d e r  r a n g e  th a n  CAND, mutual  c o m p e te t i v e  
e x c l u s i o n  may p r e v e n t  t h e  e x p a n s io n  o f  t h e  ra n g e  o f  CAND.
Both  t a x a  w ere  v i s i t e d  by bee p o l l i n a t o r s  a t  a l l o p a t r i c  s i t e s  
d u r i n g  a p p r o p r i a t e  w e a t h e r  c o n d i t i o n s .  O p e n - p o l l i n a t e d  CAND f l o w e r s  
produced  more seeds  th a n  d i d  GRAN a t  a l l  t h r e e  s i t e s  in  1983 and 1984,  
a l t h o u g h  when m a n u a l l y  c r o s s e d ,  CAND produced s l i g h t l y  f e w e r  seeds in  
two c a s e s  o u t  o f  t h r e e  ( T a b l e  2 ) .  S u r v i v o r s h i p  o f  CAND s e e d l i n g s  is  
c o m p a ra b le  t o  t h a t  o f  GRAN ( F i g .  3 ) .  Thus,  t h e  d i s t r i b u t i o n  o f  CAND is  
n o t  l i m i t e d  by f a i l u r e  t o  a t t r a c t  p o l l i n a t o r s ,  low f e r t i l i t y ,  o r  
d i f f e r e n t i a l  s e e d l i n g  s u r v i v o r s h i p .
S i n c e  i n d i v i d u a l s  o f  E r y t h r o n i  um s p e c ie s  can t a k e  a t  l e a s t  8 y e a r s  
t o  r e a c h  a r e p r o d u c t i v e  s t a t e  (Kawano e t  a i . ,  1 9 8 2 ) ,  t h e  q u e s t i o n  s t i l l  
r e m a in s  as t o  w h e t h e r  t h e  v i a b l e  seeds produced by i n t e r t a x o n  c r o s s e s  o f  
CAND and GRAN f r o m  a l l o p a t r i c  s i t e s  in 1983 ( F i g .  2) w i l l  produce  
f e r t i l e  p l a n t s .  Chromosome numbers in t h e s e  seeds a r e  v a r i a b l e  
( F i g .  3 ) ,  so k a r y o l o g i c a l  d i f f e r e n c e s  t h a t  w ou ld  i n t e r f e r e  w i t h  me ios  is  
may w e l l  e x i s t  between t h e  t a x a .  A t  any r a t e ,  t h e s e  seeds w ere  produced  
by c r o s s i n g  i n d i v i d u a l s  t h a t  w ere  g e o g r a p h i c a l l y  t o o  d i s t a n t  f ro m  each
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o t h e r  t o  c r o s s - p o l l i n a t e  in  n a t u r e .  T h e r e f o r e ,  g e o g r a p h ic  s e p a r a t i o n  
betw een  most  p o p u l a t i o n s  o f  GRAN and CAND re m a in s  an im p o r ta n t  
r e p r o d u c t i v e  i s o l a t i n g  b a r r i e r  f o r  t h o s e  p o p u l a t i o n s  t h a t  have n o t  y e t  
d e v e lo p e d  i n t e r n a l  b a r r i e r s  t o  h y b r i d i z a t i o n .
B i o l o g i c a l  s p e c i e s
I n d i v i d u a l s  t h a t  can i n t e r b r e e d  in n a t u r e  a r e  members o f  t h e  same 
b i o l o g i c a l  s p e c i e s  (M ayr ,  1 9 8 2 ) .  Gene f l o w  between CAND and GRAN 
a p p a r e n t l y  does n o t  o c c u r ,  because t h e  t a x a  e i t h e r  a r e  a l l o p a t r i c  o r  a r e  
r e p r o d u c t i v e I  y i s o l a t e d  b i o l o g i c a l l y  where t h e y  a r e  s y m p a t r i c .  I t
a p p e a r s ,  t h e n ,  t h a t  CAND and GRAN a r e  two b i o l o g i c a l  s p e c ie s .
T h i s  h y p o t h e s i s  c o u ld  be f u r t h e r  t e s t e d  by s e a r c h in g  f o r  h y b r i d s  in 
s y m p a t r i c  p o p u l a t i o n s .  I f  h y b r i d s  a r e  produced in n a t u r e ,  some in t e r m e d ia c y  
o f  ch e m ic a l  o r  m o r p h o l o g i c a l  c h a r a c t e r s  sh o u ld  be a p p a r e n t .  P r e l i m i n a r y  
p h y to c h e m ic a l  a n a l y s e s  ( F r i t z - S h e r i d a n , u n p u b l is h e d  d a t a )  d i s t i n g u i s h e d  
f l a v o n o i d  and c a r o t e n o i d  d i f f e r e n c e s  between t h e  t a x a .  Once each ta x o n  
i s  c h a r a c t e r i z e d ,  p l a n t s  w i t h  h y b r i d  t r a i t s  can be sought  v i a  
m o r p h o l o g i c a l  m easurem ents ,  c h r o m a t o g r a p h y , and e l e c t r o p h o r e s i s  o f  
enzymes.  T hese  d a t a  w i l l  a l s o  f a c i l i t a t e  t h e  d e t e r m i n a t i o n  as t o  
w h e t h e r  GRAN and CAND s h o u ld  be c o n s id e r e d  as two taxonom ic  s p e c ie s .
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A p p e n d ix  A. P o l l i n a t o r  b e h a v io r  o f  bees o b s e rv e d  on E. g r a n d i f t o r u m  and 
c o b lo o m in g  s p e c ie s .
Each e n t r y  in c lu d e s :  bee s p e c ie s ,  c o l l e c t i o n  number i f  c o l l e c t e d ,
l o c a t i o n  (O C = Owl C re e k ,  P C = P a t t e e  Canyon P ic n ic  A r e a ) ,  d a t e ,  
t im e ,  a i r  t e m p e r a tu r e ,  o b s e r v a t io n s ,  (number o f  p o l le n  g r a in s  fro m  
bee c o u n te d ,  % E ry th ro n iu m  po \ \e n )  .
On GRAN:
A p is  m e t!  i f e r a  GRAN 141-A  P C  5 / 3 / 8 6  1 1 :3 0  130 f l e w  t o  7 GRAN
f l o w e r s ,  l e g i t ,  p o l l i n a t i n g  p o s i t i o n  (1 0 0 ,  100%)
Bombus spp. GRAN P C 5 / 3 / 8 6  1 4 :0 0  130
A p is  m e l!  i f e r a  GRAN P 0  5 / 3 / 8 6  1 4 :2 5  130 c o l l e c t i n g  p o l l e n .
O o r b ic u la e  lo ad ed .
Bombus spp . GRAN P O 5 / 3 / 8 6  1 5 :0 2  130 f l e w  t o  3 GRAN f 1o w e rs .
A p is  m et ! { f e r a  GRAN 142 -A  P O 5 / 3 / 8 6  1 5 :1 4  130 f l e w  to  2 GRAN
f l o w e r s  (5 9 ,  37%)
Bombus b i  s a r i  us  GRAN 142-B  P C 5 / 3 / 8 6  1 5 :2 4  130 f l e w  to  2 GRAN
f l o w e r s  (5 7 ,  98%)
A n d ren a  n i g r i t i i r t a  GRAN 151 -A  P O 5 / 1 8 / 8 6  1 4 :5 7  2 10  f l e w  to  5
GRAN f l o w e r s .  A t  each f l o w e r ,  c o l l e c t s  c o p io u s  amount o f  p o l le n ,  
and in  so d o in g  o c c a s i o n a l l y  comes in to  c o n ta c t  w i t h  s t ig m a s  w i t h  
le g s  o r  abdomen. Then c o l l e c t s  n e c t a r  ( ( IC O ,  100%)
A n d re n a  spp . GRAN P O 5 / 1 8 / 8 6  1 5 :3 7  180 f l e w  t o  one GRAN
f l o w e r ,  c o l l e c t e d  p o l l e n  in  l e g i t i m a t e  p o s i t i o n ,  th e n  n e c t a r .
E v y la e u s  spp, GRAN 151 -B  P O 5 / 1 8 / 8 6  1 5 :5 7  180 robbed n e c t a r
f ro m  f o u r  GRAN f lo w e r s  (7 ,  29%)
A p is  m el t i f e r a  GRAN 1 5 1 -0  P C  5 / 1 8 / 8 6  16:21  180 c o l l e c t i n g
n e c t a r  on 4 f l o w e r s  in  l e g i t i m a t e  p o l l i n a t i n g  p o s i t io n :  h an g in g
o n to  a n t h e r s ,  in  c o n t a c t  w i t h  s t ig m a s  a t  t im e s .  P e t a ls  b e g in n in g  
t o  w i l t  (1 0 0 ,  93%)
A p is  m e l I i f e r a  GRAN 1 52 -A  P O  5 / 1 9 / 8 6  1 4 :4 0  250  v i s i t e d  6
GRAN f l o w e r s ,  c o l l e c t i n g  p o l l e n  and n e c t a r  s im u lta n e o u s ly  in  
l e g i t i m a t e  p o l l i n a t i n g  p o s i t i o n  (1 0 0 ,  100%)
A n d re n a  n i g r i h i r t a  GRAN 152 -B  P C 5 / 1 9 / 8 6  1 4 :4 0  250  f l e w
i n t o  n e t  d u r in g  c o l l e c t i o n  o f  15 2 -A . a c t i v i t y  u n c e r t a i n ,  b u t  
p o l l e n  lo ad  s u g g e s ts  p o l l e n  c o l l e c t i o n  (1 0 0 ,  100%)
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A p is  m e! i i f e r a  GRAN 152 -C  P C  5 / 1 9 / 8 6  1 5 :1 7  2 5 0  v i s i t e d  30
GRAN f l o w e r s  in  3 m in u te s  (a v e .  = 6 s / f l ) ,  a c t i v e l y  c o l l e c t i n g  
n e c t a r  in  l e g i t i m a t e  p o l l i n a t i n g  p o s i t i o n .  P h o to graphed  (1 0 0 ,
100%)
A p is  m e! t i f e r a  GRAN P C 5 / 1 9 / 8 6  1 5 :5 7  2 5 0  v i s i t e d  17 GRAN
f l o w e r s  in  7 m in u te s ,  s p e n d in g  3 - 4 7  s e c .  a t  each  f lo w e r .  U s u a l ly  
la n d e d  on f l o w e r  h a n g in g  o n to  a n t h e r s ,  b u t  th e h  irm n ed ia te ly  r o t a t e d  
aro u n d  t o  hang o n to  p e t a l s .  May have e f f e c t e d  some c r o s s ­
p o l l  i n a t  i on.
A p is  m e !!  i f e r a  GRAN 152 -D  P O 5 / 1 9 / 8 6  250  v i s i t e d  12 GRAN
f l o w e r s  in  2 m in u te s .  C o l l e c t i n g  n e c t a r  in  l e g i t i m a t e  p o l l i n a t i n g  
p o s i t i o n .  P h o to g rap h ed  (1 0 0 ,  100%)
On o t h e r  s p e c ie s  a t  GRAN s i t e s :
Bombus sp p . 141 -B  P O 5 / 3 / 8 6  1 2 :0 7  130 f l e w  t o  5
A r c to s ta p h y ! os u v a -u r s i  p l a n t s ,  ig n o r in g  GRAN (5 ,  40%)
Bombus spp . P O 5 / 3 / 8 6 12: 10 130 on D o decatheo n
Bombus spp . P O 5 / 3 / 8 6 1 2 :1 2 130 on A r c to s ta p h y  ! os
Bombus b i s a r i  us  1 4 1 -0 P O 5 / 3 / 8 6 1 2 :1 6  130 f l e w  t o  5
A r c to s ta p h y ! os  p l a n t s  (3 , 0%)
Bombus spp . P O 5 / 3 / 8 6 12: 23 130 on A r c to s ta p h y ! os
Bombus spp . P 0  5 / 3 / 8 6 12: 28 130 on A r c to s ta p h y 1 OS
Bombus spp. P O 5 / 3 / 8 6 1 4 :5 3 130 ap p e a rs  t o  be lo o k in g
A r c to s ta p h y lo s  f I o w e r s , i g n o r  i ng GRAN.
Bombus spp . P 0  5 / 8 / 8 6  1 3 :4 6  110 on L o n ic e ra  u ta h e n s is
On CAND;
Bombus b i s a r i  us  C o l l .  A Tam arack Lodge 4 / 2 5 / 8 2  1 5 :1 7  200  v i s i t e d
14 CAND f lo w e r s ,  c o l l e c t i n g  n e c t a r  and p o l l e n  in l e g i t i m a t e  
p o l l i n a t i n g  p o s i t i o n .  ave . = 1 7 s / f l ,  s . d . =10 , ra n g e = 5 -4 2 s .  (1 0 0 ,  
1 00%)
A n d re n a  n i g r i h i r t a  CAND C o l l .  B Tam arack Lodge 4 / 2 5 / 8 6  1 6 :1 0  200
c o l l e c t e d  n e c t a r ,  th e n  c r a w le d  a round  on a n t h e r s ,  c o l l e c t i n g  p o l le n  
on abdomen (1<X), 100%)
Bombus spp . CAND O O 5 / 2 2 / 8 2  1 0 :0 4  170 v i s i t e d  2 CAND f lo w e r s  
v e r y  b r i e f l y .
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M e l i t t i d  bee CAND 15-A  O C 5 / 2 2 / 8 2  1 1 :2 0  2 0 0  c o l l e c t i n g  p o l l e n
fro m  CAND, scopae lo a d e d  (1 0 0 ,  100%)
M e l i t t i d  bee CAND 15-B  O C 5 / 2 2 / 6 2  1 1 :3 0  20C c o l l e c t i n g  n e c t a r
f ro m  CAND, scopae lo ad ed  (1 0 0 ,  100%)
M e l i t t i d  bee CAND 15 -C  O C  5 / 2 2 / 8 2  1 1 :3 5  20C c o l l e c t i n g  p o l l e n
f ro m  CAND, scopae lo ad ed  (1 0 0 ,  100%)
A p is  m e! ! i f e r a  CAND O C  5 / 2 2 / 8 2  1 1 :4 6  20C v i s i t e d  one CAND
f l o w e r .
2 M e l i t t i d  bees CAND O C 5 / 2 2 / 8 2  1 2 :4 0  23C v i s i t i n g  CAND f lo w e r s
On o t h e r  s p e c ie s  a t  CAND s i t e s :
Bombus spp . B ig  L a rc h  5 / 8 / 8 2  1 3 :1 6  14C c h e c k in g  L o n ic e ra
u ta h e n s is  f l o w e r s ,  n o t  open y e t .
Bombus spp . O C 5 / 2 2 / 8 2  1 2 :1 5  20C v i s i t i n g  o n ly  D odecatheon
f I o w e r s .
Bombus spp . O C 5 / 2 2 / 8 2  1 2 :4 0  23C v i s i t i n g  o n ly  D odecatheon
f I o w e r s .
Bombus spp . O C 5 / 2 2 / 8 2  1 3 :0 0  23C on D o decatheo n
Bombus spp . 15 -D  O C 5 / 2 2 / 8 2  1 3 :2 0  23C on D odecatheon
Bombus spp . 15 -E  O C 5 / 2 2 / 8 2  1 5 :0 0  23C on D odecatheon
On E r y th r o n iu m  a t  m ixed  s i t e :
Bombus b i s a r i  us  H idden  L. 12-A  5 / 1 7 / 8 2  1 5 :1 2  v i s i t e d  1 GRAN, 2
CAND, th e n  1 GRAN f lo w e r s  (5 7 ,  89%)
E v y la e u s  spp. GRAN 12-B  H id d en  L. 5 / 1 7 / 8 2  1 5 :1 8  v i s i t e d  GRAN
and C la y t o n ia  1a n c e o la ta  (no p o l l e n  on s i  ide )
On o t h e r  s p e c ie s  a t  m ixed  s i t e :
Bombus spp . H Idden  L . 5 / 1 0 / 8 6  1 3 :3 0  9C v i s i t e d  2
A r c to s ta p h y I  os  f l o w e r s ,  few  o f  w h ich  a r e  in  bloom y e t .
Bombus spp . H idden  L . 5 / 1 0 / 8 6  1 4 :4 8  8C on Taraxacum
Bombus sp p . H idden  L. 5 / 1 0 / 8 6  1 4 :5 0  8C v i s i t e d  4
D o d ecath eo n  f I o w e r s . C o rb  i c u l a e  1o a d e d .
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A p p e n d ix  B. E x s ic c a t a e
E r y th r o n  ium  g r a n d if lo r u m  P u r sh  v a r .  can d  i dum ( P ip e r )  Abrams
UNITED STATES; IDAHO: BENEWAH 0 0 .  : A lo n g  S t .  Joe R iv e r  2 m i le s
e a s t  o f  S t .  M a r ie s ,  23 March 1941, C h r is t  12039  ( ID ,  WS) ; Open 
woods n e a r  C h a t c o l e t ,  12 May 1928, W arren 891  (WS) ; Sunny 
t h i c k e t ,  L o v e l l ,  260 0  f t . ,  Jo n es , Ransom, & R id o u t  3 7 3 0  (WS) ;
N e a r  COO Camp C h a t c o le t ,  Heyburn S t a t e  P a rk ,  19 A p r i l  1937, 
G le a s o n  133  (WS) ; One m i l e  s o u th  o f  Plurrmer, 24 A p r i l  1949,
B a K er 5 7 1 0  ( I D ) ;  S t .  M a r ie s ,  7 A p r i l  1933, R u s t 2 1 2 3  ( I D ) ;
Summit o f  Plummer B u t t e  s o u th e a s t  o f  Plummer, 17 May 1961, B a k e r  
161 17  ( I D ) ;  G a rn e t  ro a d  8 m i l e s  n o r t h  o f  S t  M a r ie s  a lo n g  Highway  
3, 22  A p r i l  1984 , F r i  t z - S h e r  i dan 31 (MONTU) ; One m i l e  so u th  o f  
Em ida, 21 A p r i l  1940, M, & R .P , Own b e y  2021  (WS, IDS, ORE, UC) ;
S t .  M a r ie s  R i v e r  V a l l e y  a lo n g  Idaho S t a t e  Hwy. 3 n e a r  Adams 8 m i , 
n o r th w e s t  o f  C l a r k i a ,  S5, T43N, R1E, 2700  f t . ,  6 May 1972,  
S t ic k n e y  2 6 0 5  ( I D ) .  KOOTENAI CO: Wooded s lo p e  5 m i.  s o u th  o f
W o r le y ,  23 A p r i l  1951 , T o r r e ! i  2 9  ( I D ) ;  C u t - o v e r  p in e  
w o o d lan d , W o r le y ,  270 0  f t . ,  21 March 1926, S t .  John, E n g ! is h ,  
Jo n es , Ransom, & R id o u t  3 7 1 9  (UC) ; Between Ford  and W o r le y ,  28  
A p r i l  1931, A p p le g a te  6711  (UC) ; C u t - o v e r  Ponderosa p in e  
f o r e s t  w es t  o f  W o r le y ,  19 A p r i l  1946, D aubenm ire  4 6 2  (WS) ; 15
m i .  s o u th  o f  C our d 'A le n e  on Hwy. 9 5 ,  22 A p r i l  1984, F r i t z -  
S h e r id a n  3 0  (MONTU); 14 m i .  n o r t h  o f  S t .  M a r ie s  a lo n g  Hwy. 3 ,  22  
A p r i l  1984, F r i  t z - S h e r  id a n  3 2  (MONTU); C u t - o v e r  w ood land , 3 
m i.  e a s t  o f  W o r le y ,  3 J u ly  1927 , S t .  John 10128  (WS) ; Wooded 
a r e a  a lo n g  s tre a m , 3 m i.  w es t o f  W o r le y ,  15 May 1927, K ie n h o lz
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19 (WS); Ponderosa  p in e  f o r e s t  o v e r  la k e ,  s o u th  s lo p e  Coeur  
d 'A le n e  Lake a c ro s s  f ro m  H a r r is o n ,  T47N , R4W, s e c . 2 S 1 /2  SW 1 /4  
SW 1 / 4 ,  230 0  f t . ,  8 A p r i l  1976, L a m b e rts  s . n .  (WS); 5 m i.
n o r t h  o f  W o r le y ,  11 A p r i l  1957, B a k e r  14766  ( I D ) ;  Type  
l o c a l i t y ,  3 m i . e a s t  o f  W o r le y ,  25 A p r i l  1926, S t .  John, G esseU , 
Jo n es , R id o u t ,  & Woods 4 2 5 5  (WS) ; Abundant in  open f i e l d s  and in 
y e l lo w  p in e  woods, 2 mi . n o r t h  o f  Plurrmer, 28 A p r i l  1931,
A p p le g a te  6 7 1 3  ( I D S ) ;  7 m i .  e a s t  o f  H a r r is o n  on H a r r is o n  
f l a t s ,  23 M arch 1941, C h r is t  12036  ( I D S ) ;  C a ta ld o  h i l l s i d e s ,
25 A p r i l  1932 , C h r is t  1364  ( I D ) ;  N e ar  W o r le y ,  15 A p r i l  1951,
Mohan s .n .  ( I D ) ;  1 m i , s o u th  o f  W o r le y ,  11 A p r i l  1957, B a k e r
14762  ( I D ) .  LATAH CO.; A long  a ro c k y  r id g e  on th e  surrmit o f  
B a ld  M t n . ,  T43N, R2W, 19 May 1956, R ic h a rd s  3 9  ( I D ) ;  T41N,
R3W, 12 May 1928 , A in a ! y  s .n .  (WS) ; Cool c o n i f e r o u s  woods,
T41N , R3W, 12 May 1928 , Van Amburg s .n .  (WS) ; 6 m i,  n o r th w e s t
o f  D e ary  on H a rv a rd  ro a d ,  21 May 1943, C h r is t  14025  ( I D ) ;  6
m i .  n o r th w e s t  o f  D e a ry ,  2 May 1954, B a k e r  11393  ( I D ) .  MONTANA; 
BEAVERHEAD C O . : B u l l  C re e k ,  B eaverh ead  N a t io n a l  F o r e s t ,  in wet
c l e a r i n g ,  T  5 S, R 13 W, S ec . 31 , NE 1 /4 ,  Se 1 /4 ,  7300  f t . ,  22  June  
1984 , Bump S.n.  (MOKTU) . GLACIER NATIONAL PARK: Shaded s i t e ,
dense o v e r s t o r y ,  a lo n g  in n e r  ro a d  f ro m  West G l a c i e r  to  P o le b r id g e ,  
10 m i .  n o r t h  o f  W est G l a c i e r ,  25 May 1979, B e lh l e r  61 (MONTU). 
LINCOLN C O . : c a .  2 m i.  s o u th e a s t  o f  L ib b y ,  Dunn C ree k  w a te rs h e d ,
Sal is h  M t s . ,  T  30 N, R 29 W, NW 1 /4  s e c .  2 ,  3200  f t . ,  23 May 1981,  
P e d e rs e n  165  (MRC). MISSCULA C O .: P l a c i d  L a k e ,  14 May 1933,
Thiem e 1570  (MONTU); Wooded m a rg in s  a lo n g  H ighway 93  J u s t
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n o r t h  o f  S e e le y  L a k e , N e ar  Ranger S t a t i o n ,  c a .  4000  f t . ,  25 A p r i l  
1 98 1 , L e s ic a  1388  (MONTU). WASHINGTON; PEND OREILLE CO. :
T i g e r ,  29 A p r i l  1925, Hupp s .n .  (WS) ; A lo n g  th e  Rend O r e i l l e  
R i v e r  V a l l e y  f ro m  ab o u t L o s t  C re e k  n o r t h  t o  J u s t  s o u th  o f  lo n e , 16 
A p r i l  1967 , L a y s e r  16 (WS) ; Dry Canyon, 10 m i.  n o r t h  o f  Ruby,
5 June 1926 , H agenm eyer s .n .  (WS) ; In h a rd  c l a y  s o i l  a c ro s s  
Rend O r e i l l e  R i v e r  f ro m  D a lk e n e ,  11 May 1923, S p ranque s .n .
(WS) ; Woods, D ry  Canyon, M o ly b d e n i te  M t . , K an iksu  F o r e s t ,  T37N, 
R44E, 16 May 1925 , S t .  John, P ic H e t t ,  D a v is o n , & W arren 3741  
(WS) ; M o ly b d e n i te  M t , ,  16 May 1926, S t .  John, P ic k e t t e ,  D a v is o n ,
Sc W arren  7132  (WS) ; 42  m i.  n o r t h  o f  New port a lo n g  Hwy. 2 0 ,  21
A p r i l  1984 , F r i  t z -S h e r id a n  2 4  (MONTU) ; 61 m i.  n o r th  o f  Newport
a lo n g  Hwy. 2 0 ,  21 A p r i l  1984 , F r i  t z -S h e r  i dan 2 5  (MONTU) ; 51
m i.  n o r t h  o f  N ew port a lo n g  Hwy. 20 , 21 A p r i l  1984, F r i  t z -S h e r id a n  
2 6  (MONTU); 40  mi . n o r t h  o f  N ew port a lo n g  e a s t  s i d e  o f  Hwy. 20 ,
21 A p r i l  1984, F r  i t z - S h e r  i dan 2 3  (MONTU). SPOKANE CO. :
W i t h o u t  l o c a t i o n ,  A p r i l  1891 , S u k s d o r f  2001  (WS) ; W a v e r ly ,  19 
A p r i l  1928, S n y d e r s .n .  (WS); N o r th  o f  Freem an, 5 May 1929,
Cook s . n .  (W S ). WHITMAN CO. : Open m o is t  s lo p e s ,  S te p to e
B u t t e ,  7 May 1950 , B a k e r  6 5 5 4  (WS, ID) ;  G rassy  s o u th  s lo p e  o f  
S t e p t o e  B u t t e ,  h a l fw a y  up, 3000  f t . ,  a r i d  t r a n s i t i o n  l i f e  zone , 13 
A p r i l  1935 , C o n stan ce , D i i Io n , S P o l l  in s  1031 (NY , UC) .
E r y th r o n  ium g r a n d if lo r u m  v a r .  g r a n d if lo r u m  Rursh
CANADA: ALBERTA; W a te r to n  Lakes  N a t io n a l  P a rk ,  open m o u n ta in  
meadows n e a r  snow banks , t r a i l  t o  B e r th a  L a k e , H udsonian Zo n e , 5900  
f t . ,  18 J u ly  1953 , B r e itu r rg  16258  (NY); W a te r to n  Lakes
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N a t io n a l  ParK , E a s t  end o f  L a k e v ie w  R id g e ,  5000  f t . ,  17 May 1969, 
B i a i s  Â N agy 197  (MONTU); W a te r to n  N a t io n a l  P a rk ,  Ruby M t.
G rande I 1 L . t u r n o f f ,  550 0  f t . , 7 May 1969, Nagy, S i  a i  a , & Gadd 
6 8  (MONTU). B R IT IS H  COLUMBIA: 17 m i.  n o r th w e s t  o f  Ka s l o ,  B. C. , 
n e a r  t i m b e r l i n e ,  on s l i d e ,  12 J u ly  1949, H a t t e r  9 2  (NY); Yoho 
P a rk  on s lo p e  o f  M t. Bugeos, 7 00 0  f t . ,  15 Agust 1927, U iR e  12 
(MONTU); K ootenay  L a k e ,  C ra w fo rd  Bay, 24 A p r i l  1948 , Jameson 
s , n ,  (OSC) ; Copper M t, 8 m i.  s o u th w e s t  o f  N e ls o n ,  common on 
open, s o u th  f a c i n g  s lo p e ,  o c c u rs  n e a r l y  t o  summit a t  7300  f t . ,  25  
J u l y  1953 , C a id e n  & S a v i i e  10960  (OSC). UNITED STATES:
CALIFORNIA: TEHAMA CO. : 1 m i.  w es t o f  Governm ent F l a t ,  7 June
1966 , H o lm gren  & R e v e a l 2 6 5 3  (N Y ).  T R IN IT Y  CO.: New R i v e r
T r a i l  f ro m  G ra ys  F a l l s  Campground on th e  n o r t h  s i d e  o f  t h e  T r i n i t y  
R i v e r  and w est s id e  o f  th e  New R i v e r ,  8 0 0 -1 0 0 0  f t . ,  7 A p r i l  1973, 
S m ith  5 9 5 0  (OSC). COLORADO: DELTA CO .: Grand Mesa, 9000  f t . ,
23  June 1901, B a k e r  2 2 4  (MO). GRAND CO.: Summit o f  m ts . w est
o f  N o r th  P a rk ,  22 A g ust 1899 , O s te rh o u t  s . n ,  (NY); N o r th  P a rk ,
9 0 0 0  f t . ,  7 J u l y  1894 , C r a n d a l l  s . n ,  (N Y ).  GUNNISON CO.:  
S o u t h w e s t - f a c in g  s lo p e  above t h e  d i r t  ro a d  t o  S c o f i e l d  Pass ab o u t  4 
m i.  n o r th w e s t  o f  G o th ic ,  1 0 ,2 5 0  f t . ,  26 June 1952, B a r r e l }  5 3 -  
5 2  (U S);  R o ad s id e  p a r k  a t  to p  o f  O h io  Pass in  sandy s o i l  wet  
w i t h  snow, 1 0 ,0 0 0  f t . ,  30  June 1968, M oore 104 (MONTU).
JACKSON CO. : R a b b i t  E a rs ,  14 J u l y  1903, Coodd in g  1538 (N Y ).
LA PLATA C O . : Common on m o is t  s lo p e s  and s w a le s ,  f r u i t  in up p er La
P l a t a  Canyon, 11000 f t .  ( J u l y  1 5 ) ,  B e a r  C re e k  D i v i d e ,  w est La P l a t a  
M t s . ,  29 June 1898, B a k e r , E a r le ,  T ra c y  2 1 3  (MD) ; M ts .
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betw een  R. F l o r i d a  and R. P in o s ,  25 June, B ran d eg ee  1056  (N Y ).  
LARIMER œ . : Cameron Pass, 1 1 ,5 0 0  f t . ,  14 J u l y  1896, B a k e r
s , n .  (NY); Cameron Pass above t i m b e r l i n e ,  1 August 1899,
£ 46 1  (N Y ) .  MONTROSE CO .: A long  d i v i d e  ro a d ,  1 6 . 9  mi .  n o r t h  o f
C o lu m b in e  P ass, Uncompahgre P la t e a u ,  R15W, T49N, S29, 9400  f t . ,  2 
June 1977 , Wi ik e n  & S c h ru ab  13014  ( I D ) .  SAGUACHE C O .: B u f f a l o
Pass P a rk  Range, 1 0 ,0 0 0  f t . ,  13 A ugust 1898, S h e a r 3664  (N Y).
SUMMIT C O .: A rap ahoe  Peak, m o is t  s o i l ,  1 0 ,7 0 0  f t . ,  29 J u l y  1918,
C lo k e y  3 1 4 5  (N Y ) .  IDAHO: ADA CO.: B o i s e ,  24 May 1934,
C h r is t  4 6 3 9  (N Y ) .  ADAMS C O . : F re q u e n t  on n o r t h - f a c i n g  s lo p e
a t  edge o f  snowbank in  P in u s  c o n to r ts  and P, f l e x i l i s ^
K in n e y  P o in t  8 m i.  n o r t h  o f  Cuprum, 14 J u l y  1953, H olm gren â 
T i l l e t t  9 5 9 3  (NY); S t a r k e y ,  on h i l l s i d e  a lo n g  W e is e r  R i v e r ,  12 
May 1938 , C h r is t  9BOO (NY); P la c e r  B a s i n ,  n o r t h  o f  B ear , 30  
May 1940 , C h r is t  11059  (N Y ) .  BANNOCK CO. :  12 m i .  so u th w est o f  
P o r t n e u f ,  in  aspen g ro v e s  on upp er s lo p e s  o f  Scout M t . ,  8 J u l y  
1950 , J . H. C h r is t  & C, B. C h r is t  19927  ( I D ) .  BEAR LAKE CO.;
In  m o is t  meadows and b la c k  sag eb ru sh  f l a t s ,  1 mi .  below B lo om ing ton  
L a k e .  S c a t t e r e d  s p ru c e  s u b a lp in e  f i r  and lo d g e p o le  p in e  f l a t s .
B e a r  R i v e r  Range, n o r t h e r n  W asatch M t s . ,  7500  f t . ,  21 June 1958,  
K ru c k e b e rg  4511  (NY); Copenhagen B a s i n ,  8200  f t . ,  16 June  
1959 , C o t tarn, A n d erso n , R ow land, & Ream 15523  (RSA) ; 13 mi .
w e s t  o f  B lo o m in g to n ,  on B lo o m in g to n  Peak in  th e  B ear R i v e r  Range,
10 J u ly  1949 , J . H. 3c C. B, C h r is t  16801 (N Y ); 13 m i . H^est o f
B lo o m in g to n , a t  B lo o m in g to n  L a k e  in  th e  B e a r  R iv e r  Range, 9  J u ly
1949, J . H, & C. B. C h r is t  16739  (NY) .  BENEWAH CO.; In a l p i n e
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meadows, 24 June 1934 , C h r is t  4881  (NY); Plunrmer, 12 May 1934, 
C h r is t  3 8 3 0  (N Y ) .  BOISE CO .: G arden V a l l e y ,  26 May 1933,
C h r is t  6 4 0 6  (N Y ) .  BONNER C O .: Hope, W arren  I s l a n d ,  open  
woods, 5 A p r i l  1914,  D unK ie 13895  (NY); Hope, 18 A p r i l  1928,  
C h r is t  10  (NY); D o v e r ,  by S. I ,  B r id g e ,  in  v a l l e y  a lo n g  Pend 
O r e i l l e  R i v e r ,  16 A p r i l  1931,  C h r is t  9 5 7  (NY); D o ver, a t  S, I .  
B r i d g e . In  v a l l e y  a Iong  Pend O re  i I I e  R i v e r , 16 A pr I I  1931,  
C h r is t  956  (NY); Hope, W arren  I s l a n d ,  open woods, 5 A p r i l  
1914,  Dunk te  s . n ,  ( I D ) ;  About 3 m i.  n o r t h  o f  Hope, 27 A p r i l  
1931 , A p p le g a te  6 7 0 3  (RSA). BOUNDARY CO.: Snowy Top, in  draw
below  peaK, W. B. S c h ro e d e r ,  15 J u l y  1934, C h r is t  6 0 0 2  (NY);  
C o n t in e n t a l  M t . , 25 m i . w es t  o f  P o r t h i 1 ) ,  n e a r  banks o f  r e c e d in g  
snow on p eak , 12 J u ly  1932, C h r is t  1685  (N Y ).  CLEARWATER CO.:
2 m i .  e a s t  o f  O r o f in o  on g r a v e l l y  canyon outw ash , 30 May 1937,  
C h r is t  7370  (NY); B e r th a  H i l l  12 mi ,  n o r t h  o f  H e a d q u a r te rs ,  24 
May 1941,  C h r is t  & W ard 12066  (NY); 11 m i.  e a s t  o f  E lk  R i v e r ,
23 May 1941,  C h r is t  & W ard 12128  (NY); Open g ra s s y  f l a t ,  
surrm it Nez P e rc e  g ra d e ,  s o u th  o f  O r o f in o ,  19 A p r i l  1953, B a k e r  
10040  ( I D ) ;  Between P i e r c e  and Bungalow, s . d . ,  D a v is  2 7 9  
(N Y ) .  CUSTER C O .: Wet meadow o f  d i v i d e  a t  head o f  Morgan C re e k
( e m t ie s  in t o  Salmon R i v e r  c a ,  10 m i .  n o r t h  o f  C h a i l i s ) ,  29 June  
1944 , H itc h c o c k  & l^ u h iic k  9 4 0 3  (N Y ).  ELMORE CO.: T r i n i t y  Mt .  ,
w e s t  o f  Rocky B a r ,  14 J u l y  1944, C h r is t  1419  (N Y ) ,  FREMONT 
C O , : About 14 m i.  n o r t h  o f  Macks In n ,  16 J u l y  1949, J . H. & C.
B. C h r is t  18999  (NY); About 14 m i.  n o r t h  o f  Macks In n , 16 J u l y  
1949 , J . H. & C. B. C h r is t  18997  S a w e t e l l e ,  w i t h
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lo d g e p o le  p in e  on m o u n ta in s id e ,  17 J u l y  1934 , C h r is t  5 6 7 2  (NY);
2 m i .  w es t  o f  Rae, open lo d g e p o le  p i n e  w ood land , 22 June 1939, 
M a g u ire  17123  (N Y ) ; J u n ip e r  H i l l s  n e a r  S t  A n tho ny , 20 June  
1919 , O u a y /e  6 9  (N Y ) ; C o n t in e n t a l  d i v i d e  n e a r  H e n e r y 's  Lake ,
21 June 1099, A. N e is o n  4 E. N e ls o n  5 4 8 0  (N Y ). IDAHO CO.: In
b o u ld e r - s t r e w n  ( g r a n i t i c )  f l a t  among s c a t t e r e d  c o n i f e r s  a lo n g  
F re n c h  C r e e k ,  2 m i.  s o u th  o f  Salmon R i v e r ,  20 mi . e a s t  o f  R i g g i n s ,  
T 24N , R3E, 21 A p r i l  1950 , C ro n q u is t  6 1 8 9  (NY, ID) ;
W h i t e b i r d  Sunrmit, d r y  s o i l ,  7 May 1947, D a v is  s . n ,  (RSA);
B rush  s lo p e  be low  P a t r o l  P o in t  on P i l o t  Knob, S28, T30N, R6E, 6900  
f t . ,  13 J u l y  1947 , E !w ood  4 2  (NY); W h i t e b i r d ,  s . d . ,  C h r is t  
3 1 2 5  (NY); W h i t e b i r d ,  open p la c e s  in  woods, s . d . ,  C h r is t  
3131  (NY); C r e s t  o f  W h i t e b i r d  H i l l  on open h i l l s i d e ,  16 May 
1937 , C h r is t  & W ard 7315  (NY); Meadow e a s t  s i d e  o f  Hwy, 95 ,
5 , 9  m i .  s o u th  o f  O r a n g e v i l l e ,  c a .  1 . 5  m i .  n o r t h  o f  W h i t e b i r d  
Surrm it, 15 A p r i l  1973, H enderson  8 6 7  ( I D ) ;  Among snow and 
r o c k s ,  Moe Peak, T32N , R15E, S26 , 8078  f t . ,  4 J u l y  1928, B a k e r  
s , n .  (W S); E a s t  f o r k  o f  Pappoose C re e k  (n e a r  Lochsa R i v e r )  w est  
o f  P o w e ll  R anger S t a t i o n ,  6 June 1963, B a k e r  16337  ( I D ) ;  M o i s t  
shady meadow. T w in  B u t t e s  Meadow, T32N, R14E,  6000  f t . ,  2 J u l y  
1928 , B a k e r  s . n ,  (WS); 29 m i.  s o u th e a s t  o f  E lk  C i t y ,  15 J u l y
1951,  C h r is t  5 1 5 8 8  ( I D ) ;  Below surrmit o f  E lk  M o u n ta in ,  15 
A g u st 1954, B a k e r  12602  ( I D ) ;  L o w e l l ,  6 May 1932, S c o t t  
s , n .  ( I D ) ;  H e a v e n 's  G a te ,  Seven D e v i l  M o u n ta in s ,  832 , T24N, R1W, 
12 J u l y  1950, Jones 2 0 5  (NY); F re n c h  C re e k  D i v i d e  n o r t h  o f  
B u r g d o r f ,  29 May 1940, C h r is t  11022  (N Y ) .  KOOTENAI CO.: N ear
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S p i r i t  L a k e ,  s . d . ,  C h r is t  3 1 2 6  (hfY) ; H au ser L a k e , between  
j u n c t i o n  and la k e ,  w i t h  y e l l o w  p i n e ,  14 A p r i l  1930, C h r is t  
10813  (NY); H au ser  L a k e , betw een J u n c t io n  and la k e  in y e l l o w  
p in e  t im b e r ,  14 A p r i l  1940, C h r is t  10817  (NY); H auser L ake ,  
betw een  j u n c t i o n  and la k e ,  14 A p r i l  1940, C h r is t  10819  (NY);
25  m i .  s o u th  o f  New port on Hwy, 4 1 ,  22 A p r i l  1984, F r i t z - S h e r id a n  
2 8  (MONTU); 8 m i.  s o u th  o f  C oeur d 'A le n e  on Hwy. 95 ,  22 A p r i l  
1984, F r i t z - S h e r id a n  2 9  (MONTU); M i ca  F l a t s  so u th w est o f  Coeur  
d 'A le n e  in  w heat f i e l d ,  21 A p r i l  1940, C h r is t  10662 ( s e t  o f  
s i x )  ( N Y ) . LATAH C O . : 6 m i . s o u th  o f  T r o y ,  16 A p r i I  1937,
C h r is t  & W ard 6 7 2 7  (NY); H i l l s i d e  above R obinsons Lake 4 m i.  
e a s t  o f  Moscow, 26 A p r i l  1949 , B a k e r  5 7 2 5  (NY); A long  P o t la c h  
R i v e r  6 m i .  above K e n d r ic k ,  23 March 1941,  R o gers  762  (NY);
Moscow, 6 A p r i l  1900, Abrams 5 3 9  (NY); One m i.  w est o f  
K e n d r ic k ,  31 March 1940 , M. Ownbey & R. P. Ownbey 2 0 0 9  (NY) .
LEMHI C O .: Red Rock and Salmon C i t y ,  9 - 1 0 , 0 0 0  f t . ,  10 June 1896,
Kemp s . n .  (NY); U nder lo d g e p o le  p in e s  a t  sunnmit o f  M occasin  
C r e e k ,  Salmon M t s . ,  1 J u l y  1946, H itc h c o c k  & M u h i i c k  14292  
(MO); N e a r  to p  o f  Q u a r t z i t e  M t . , Y e l l o w j a c k e t  M t s . ,  30 June 1946,  
H i tc h c o c k  & M u h i i c k  14208  (MO); W ith o u t  l o c a t i o n ,  June 1934,
C h r is t  6 1 0 4  (N Y ) ; M t.  B a l d y ,  w et s u b a lp in e  s lo p e s ,  8000  f t . ,  1 
J u l y  1920 , E. B. Payson & L . B. Payson 1862  (NY) . LEWIS CO. :
Head o f  W i l s o n  Canyon, to p  o f  Kami ah g ra d e .  Y e l l o w  P in e  woods, n e a r  
and w e s t  o f  Kami ah, t h e  ty p e  s t a t i o n ,  3 May 1931,  A p p le g a te  
6 7 5 5  (NY); Open f o r e s t  Ponderosa p i n e  zone n o r t h  o f  W h i t e b i r d ,  1 
May 1937, D aubenm ire  3 7 8 5  (N Y ) .  NEZ PERCE CO. : C r a i g  M t s . ,  15
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May 1934 , C h r is t  4 2 4 7  (NY); Connmon on C r a i g  M t s . ,  v i c i n i t y  o f  
L ake  Waha, 20 May 1892 , S a n d b erg  3 6 2  (US); Common on C r a ig  
M t s , ,  v i c i n i t y  o f  Lake Waha, 20  May 1892 , S an d b erg  2 0 2  (NY); 5
1 /4  m l .  up h ighw ay f ro m  C u ld e s a c ,  17 A p r i l  1933, B a k e r  7400  
(RSA ). ONEIDA CO .: In  le s s  o f  c r e s t  o f  d i v i d e  o f  th e  Ma I ad Range
in a m ap le  t h i c k e t ,  9 1 /2  m i.  s o u th e a s t  o f  Mai ad, 6 J u l y  1950, 
C h r is t  19609  ( I D ) .  PAYETTE CO.: P a y e t t e ,  s . d . ,  C h r is t
3 1 2 3  (N Y ) .  SHOSHONE CO .: 5 mi . n o r t h  o f  W a l l a c e ,  about 4000
f t . ,  22  A p r i l  1979, B e e h te r  75 (MONTU); S t r i p e d  Peak, 9 J u l y  
1951,  C h r is t  5 1 -4 0 5 A  ( I D ) ;  Open woods C r a t e r  Lake Campground,
S t  Joe  N a t io n a l  F o r e s t ,  19 m i.  e a s t  o f  C l a r k i a ,  20 J u l y  1956,
B a k e r  15378A  ( I D ) ;  B re e z y  P o i n t ,  abo u t 16 m i.  s o u th  o f  A v e ry ,
27 J u l y  1947, C h r is t  17005  (N Y ). VALLEY CO.: M c C a l l ,  15 June
1933, C h r is t  6 4 5 7  (NY); M cC all , 16 May 1935, T u c k e r 406  
(N Y );  1 m i.  n o r t h  o f  M cC all  on c u t - o v e r  land  n e a r  P a y e t te  Lake , 15
May 1931,  C h r is t  & W ard 7231A (NY); 1 m i.  n o r t h  o f  M cCall on
c u t - o v e r  land  n e a r  la k e ,  15 May 1937, C h r is t  & Ward 7231 (NY);
Boggy s o i l  n e a r  summit o f  d i v i d e  betw een Cascade and Warm Lak e , 26 
June 1946 , H i tc h c o c k  & M u h i i c k  14029  (M D); M o is t  p la c e s  n e a r  
summit betw een New Meadows and M c C a l l ,  12 May 1939, C ro n q u is t  
1196  (NY); D ry  woods P e a r l  C re e k ,  n e a r  U pper P a y e t te  Lake , 7100  
f t . ,  11 J u l y  1969, Munz & D a v id so n  19167  (RSA).  IDAHO-WYOMI NG 
BOUNDARY: TETON CO. -TETON CO. BOUNDARY: Sunnmit o f  th e  C o n t in e n ta l
D i v i d e ,  T a rg h e e  Pass, L o d g ep o le  p in e  f o r e s t ,  22 June 1930,
A p p le g a te  6 3 6 2  ( I D ) .  MONTANA: BEAVERHEAD CO.: Open 
a v a la n c h e  a r e a  on C o le  C re e k ,  ca .  1 m i . above Red Rock Pass Road,
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7 4 0 0  f t . ,  20  June 1979, L o w ry  2 1 1 3  (MONTU); V e ry  w et s lo p e  
above A ja x  L a k e , B i t t e r r o o t  Range, 23 J u l y  1945, H itc h c o c K  Â 
M u h l i c K  12665  (NY, MO); A long  ro a d  1 m l.  above R e s e r v o i r  L ake ,  
B e a v e rh e a d  N a t io n a l  F o r e s t ,  6 7 0 0  f t . ,  26 May 1937, Munson B -7  
(NY, MO); In  f i n e  s o i l  n e a r  snow bank on h i g h  l im e s to n e  r id g e  
c o n n e c t in g  Sheep and B la c k  L i o n  M t s . ,  P io n e e r  M t s . ,  ca.  9 00 0  f t . ,  
30 J u l y  1945 , H i tchcocM  & M u h i i c k  12951 (OSC, MO); Wet meadow 
ca . 15 m i .  w es t  o f  Wisdom on G i b b o n s v i l l e  Pass Road, 22 June 1944, 
H itc h c o c k  & M u h i i c k  9 2 1 3  (NY, US, MO); M o i s t  s lo p e  n e a r  snow 
a t  Oreamnos L a k e ,  head o f  P i n t l a r  C re e k ,  Anaconda Range, 27 J u l y  
1945, H itc h c o c k  & M u h i i c k  12732  (MO); G ibbons Pass, 1 May 
1935, Rose 100A (MONTU). BROADWATER CO. : B e l t  M t s . ,  in r i c h
s o i l  and by open s t r e a m  banks in  th e  m o u n ta in s ,  28 June 1885, 
A n d erso n  8 1 6 2  (NY) . DEERLODGE CO. : S torm  Lake Pass,
C o n t in e n t a l  D i v i d e ,  Anaconda M t s . ,  21 J u l y  1946, H itc h c o c k  & 
M u h iic k  14850  (MO); Anaconda, 1 June 1892, K e ls e y  s . n .  (N Y ).  
FLATHEAD CO. : Coram, 12 May 1937, B a c h e r t  s . n .  (MONTU); M t.
A eneas , Swan Range, 200 0  m, 1 6 -1 8  J u l y  1948, H a rv e y  3 2 2 9  
(MONTU). GALLATIN CO .: S p a n is h  B a s i n ,  M adison Range, 6000  f t . ,  9
J u l y  1896 , Flodm an 3 4 7  (NY); S p a n is h  Peaks , Madison Range, 7 -  
8 0 0 0  f t . ,  14 J u l y  1896 , Flodm an 346  (NY); S p a n is h  B a s i n ,  6 50 0  
f t . ,  1 J u l y  1897 , R y d b erg  & B essey  3 8 7 2  (NY); Bozeman, June  
1900 , C h esnut & Jones 3 1 8  (NY); B r id g e r  M t s . ,  7000  f t . ,  18 
June 1897, R y d b erg  Sc B e ssey  3 8 7 0  (NY); B r id g e r  M t s . ,  7000 f t . ,
15 June 1897, R y d b erg  Si B essey  3 8 6 9  (NY); B r id g e r  M t s . ,  7000  
f t . ,  18 June 1897, R y d b erg  Sc B essey  3871  (N Y ) .  GLACIER
4 0
NATIONAL PARK: Rock le d g e  n e a r  n o r t h  f o r k  o f  R eyno lds  C re e k ,  Logan
Pass , 6 6 0 0  f t . ,  18 J u ly  1956 , S^rrnons 4 1 3  (MONTU); A v a la n c h e  
L a k e ,  20  June 1969 , M ooar 10348  (MONTU); S lo p e  be low  G r i n n e i l  
G l a c i e r ,  6 0 0 0  f t . ,  28 J u l y  1933, H itc h c o c k  1992  (MONTU);
S p e r r y  G l a c i e r ,  4 J u l y  1922 , C h r is t  1334  (N Y ).  GRANITE CO.:  
S k a lk a h o  P ass , 720 0  f t . ,  7 J u l y  1946, H itc h c o c k  ét M u h i i c k  14467  
(MO); G a r n e t ,  6 6 0 0  f t . ,  23 June 1924, M e a ry -F ie ld  14 (MONTU). 
JEFFERSON CO .: D e e r lo d g e ,  May 1888, TrapL ageu  s , n .  (NY) .  LAKE
CO .: Swan L a k e , 2  June, E lr o d  s . n .  (MONTU); Mol I man Pass,
M i s s i o n  M t s . ,  7 J u l y  1948 , R e y n o ld s  102  (MONTU); N ear  
B i o l o g i c a l  S t a t i o n  on F la t h e a d  Lak e , 23 A p r i l  1933, H itc h c o c k  
1513  (MONTU); C l i f f s  h i g h  above and s o u th e a s t  o f  McDonold L ake ,  
M i s s i o n  Range, 12 J u l y  1948, H itc h c o c k  16235  (N Y ). LEWIS AND 
CLARK CO: S cap eg o at M t . , 7300  f t . ,  9 J u l y  1975, C ra ig h e a d  124
(MONTU); In  th e  v i c i n i t y  o f  H e le n a ,  s . d . ,  K e l s e y  s . n .  (NY) .
LINCOLN C O . : B l u e  B i r d  B a s in  25 a i r  m i.  n o r t h e a s t  o f  E u reka  in
M c G i l l  v e r y  M t s . ,  7800  f t . ,  28 J u l y  1971,  Waggoner 114 (MONTU);
B ig  T h e r i a u l t  C re e k  a r e a ,  e a s t  o f  E u re ka  in  Gal to n  Range, 7 J u l y  
1971,  M ooar 13092  (MONTU). MADISON CO.: S h e r id a n ,  6000  f t . ,
J u l y  1896 , F i t c h  s . n .  ( NY) .  MEAGHER CO. : Open p arks  in
lo d g e p o le  l im b e r  p i n e  f o r e s t  a t  sunnmit o f  K i n g ' s  H i l l ,  L i t t l e  B e l t  
M t s . ,  9 J u l y  1945, H itc h c o c k  & M u h i i c k  12160  (OSC, MO);
N o r t h e a s t  base o f  B a ld y  M t . , ca.  900 0  f t . ,  in d r y in g  meadow, B ig  
B e l t  M t s . ,  16 J u l y  1945, H itc h c o c k  â M u h i i c k  12414  (NY, MO). 
m in e r a l  C O . ; S t a r k  M t . ,  N i n e m i l e  D i v i d e  7 1 / 2  a i r  m i .  n o r th w e s t  o f  
A l b e r t o n ,  7349  f t . ,  12 J u ly  1971 , V in c e n t 4 8 6  (MONTU); On
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r i d g e  above Dom in ion  C re e k  V a l l e y ,  w e s te rn  B i t t e r r o o t  M t s . ,  27 J u l y  
1971 , M ooar 13645  (MONTU); Haugen, Dry C re e k ,  25 A p r i l  1932,
C h r is t  1389  (NY) .  MISSOULA CO. : N ear  Masse C ree k  T r a i l ,
S e e le y  L a k e -J a c k o  Road, 2 June 1952 , H a rv e y  4 9 4 5  (MONTU);
B l a c k f o o t  V a l l e y ,  30  m i . f ro m  B onner, 3600  f t . ,  13 May 1933,  
H itc h c o c K  1557  (MONTU); A long  banks o f  D eer C re e k ,  27 A p r i l  
1968 , M ooar 6 6 3 5  (MONTU); Wooded g u lc h  3 m i.  n o r th  o f  
M i s s o u l a ,  30  A p r i l  1938 , Trump 3  (OSC) ; West o f  Upper H o l l a n d  
L a k e ,  F la t h e a d  Range, F la t h e a d  N a t io n a l  F o r e s t ,  15 J u l y  1948,
H i tc h c o c k  s , n .  ( I D ) ;  N o r t h - f a c i n g  s lo p e  o f  P a t t e e  Canyon, 1450  
m, 3 J u l y  1979 , C ran e  ( K e l l e r )  4 5 2  (MONTU); Top o f  Mt.
S t e w a r t ,  9 J u l y  1946, Hi  tc h c o c k  4 M u h i i c k  14557  (NY);
R a t t l e s n a k e  R i v e r ,  3300  f t . ,  1 May 1897, E lr o d  4 a s s i s t a n t s  2 5  
(N Y);  O ld  S e n t in e l  M o u n ta in  n e a r  M i s s o u l a ,  12 June 1901,
M acDougal 153 (NY); Swampy s o i l  1 / 2  m i .  w es t o f  Upper H o l l a n d  
L a k e ,  F la t h e a d  Range, F la t h e a d  N a t io n a l  F o r e s t ,  15 J u l y  1948,
H i tc h c o c k  13459  (N Y ) .  PARK CO. ;  Bozeman Pass, 5 J u l y  1883,
Canby 3 2 3  (NY); L i v i n g s t o n ,  20 May 1901, S c h eu b e r s . n .
(N Y);  1901, S c h e u b e r 61 (NY); J a r d in e  B ear  G u lc h , 22 June
1902 , M earns 1263  (NY) .  POWELL CO.; Ovando M t s . ,  24 May 1931,  
Young s . n .  (MONTU) . RAVALLI CO. : A t  th e  upp er pond meadows
above C h a f f i n  L a k e s , C h a f f i n  Lakes B a s i n ,  840 0  f t . ,  7 August 1971,  
L a c ksch e w i t z  3 1 7 3  (MONTU); N o r th  s lo p e  above Wyant Lake ,
Canyon L ak es  B a s i n ,  8 1 0 0  f t . ,  21 August 1971,  L a c k s c h e w itz  3311  
(MONTU); S k a lk a h o  Road t o  C rooked  C re e k  and up t o  pass , 1 J u l y  
1968 , M ooar 3 9 0 0  (MONTU) . SANDERS CO. : H a r r y  C re e k  above
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Rainbow  Lake  n e a r  to p  o f  d i v i d e  and Camas C re e k ,  T20N, R25W, S.
12, 3 May 1968, M ooar 6 9 3 8  (MONTU). STILLWATER CO.: Bozeman,
M y s t i c  Lake  25 J u l y  1895 , S h e a r  3 5 3 8  (NY) .  SWEETGRASS CO.: In
g r a s s  p a s t u r e  a t  F o u r  M i l e  R anger S t a t i o n ,  B o u ld e r  Canyon, 11 J u l y  
1947 , H itc h c o c k  16334  (NY); 2 mi . be low  Rainbow Lakes a lo n g
E a s t  F o rk  B o u ld e r  R i v e r ,  u n d er  p in e s ,  16 J u l y  1947, H i tch co c k  
16511 ( NY) .  TETON O O .: T r a i l  t o  H e a d q u a r te rs  Pass, 38 m i.
n o r th w e s t  o f  C h o te a u ,  6 8 0 0  f t . , 27 J u l y  1963, F i n l e y  s . n .
(MONTU). OREGON; BAKER CO .; West s l o p e ,  c lo s e  to  snow, 10 m i.  
f ro m  H a l fw a y ,  r o a d s id e .  F i s h  Lake Road, T6S , R46E, S 33 , 18 May 
1980 , C r a ig  19 (OSC); F i s h  Lak e , 5 June 1939, G u s ta fs o n  
s . n .  (OSC); Powder R i v e r  ab o u t 9 m i.  above Sum pter, e a s t  base o f  
B l u e  M t s . ,  in f o r e s t  o f  a l p i n e  f i r ,  lo d g e p o le  p i n e ,  and Engelman  
s p ru c e ,  14 June 1930 , A p p le g a te  6 2 4 2  (RSA, US); Powder R i v e r ,  
ab o u t  10 m i . above S u m p te r , 14 June 1930, A p p le g a te  6 2 5 0  ( RSA) . 
BENTON C O .; N e a r  to p  o f  M arys Peak, 28 June 1920, S te w a rd  261  
(MONTU). CLATSOP CO.; S a d d le  M t . S t a t e  P a rk ,  M i d d l e  Peak o f  
S a d d le  M t . ,  3 00 0  f t . ,  28 A p r i l  1977, Chambers 4291  (OSC).
DOUGLAS OO. : On t h e  s o u th  s i d e  o f  A b b o t t  B u t te  in an open non­
f o r e s t e d  a r e a ,  5 90 0  f t . ,  6 J u l y  1972, M i t c h e l l  201  (OSC).
G ILL I AM CO .: Abundant u n d er  y e l l o w - p i n e  woods, in m o is t  c l a y  s o i l ,
4 m i .  above L o n e ro c k ,  7 May 1955, S te w a rd  6 8 7 6  (OSC). GRANT 
CO; A lo n g  L a s t  C re e k  o v e r lo o k in g  F i e l d s  C re e k ,  23 m i.  s o u th e a s t  o f  
D a y v i l l e ,  4 90 0  f t . ,  8 June 1953, C ro n q u is t  7120  (MONTU); A long  
Canyon C re e k  a t  J o a q u in  M i l l e r  R e s o r t ,  27 A p r i l  1940, B a k e r  
1528  ( I D ) ;  M o i s t  meadowy s lo p e s  on p on derosa  p i n e  land  a lo n g
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L a s t  C re e k ,  23 m i.  s o u th e a s t  o f  D a y v i l l e ,  T14S , R29E, S30, 4900  
f t . ,  8 June 1953, C ro n q u is t  7120  (NY, RSA) .  HOOD RIVER CO.:
M t. Hood T im b e r  L i n e  C lo u d  Cap In n , 9 J u l y  1927, G ooding  4
E v in g e r  s . n .  (OSC); Hood R i v e r ,  10 A p r i l  1924, Coi  l e c t i o n
1069  (N Y ) ; C o lu m b ia  R i v e r ,  2 mi . above Hood R i v e r ,  6 May 1931,  
A p p le g a te  6 7 9 4  (RSA). JACKSON 0 0 . :  T40S , R1W, S30, Meadow
n e a r  S h a s ta  F i r ,  6 0 0 0  f t . ,  20 June 1967, W arin g  6 9 2  (OSC). 
JOSEPHINE CO. : On s te e p ,  w et and ro c k y  s lo p e s  j u s t  below m e l t i n g
snow; s o u th w e s t  s i d e  o f  Bo I an Lak e . S i s k i y o u  M t s . ,  5700  f t . ,  23  
June 1950 , K ru c k e n b e rg  1935  (RSA); N o r th e a s t  s lo p e  o f  G rayback  
M o u n ta in ,  n e a r  surrm it, S is k y o u  M t s . ,  A p p le g a te  R i v e r  w a te rs h e d ,  13 
June 1927 , A p p le g a te  5 0 6 2  (NY) , KLAMATH OO. : C r a t e r  Lake
N a t io n a l  P a rk ,  Sun N o tc h , 3 August 1950, B a k e r  7134 ( I D ) ;  Rock 
le d g e  in  hem lock f o r e s t  n e a r  and w est o f  Governm ent Camp, C r a t e r  
Lake N a t io n a l  P a rk ,  7 J u l y  1934 , A p p le g a te  6 9 4 0  (RSA).  LANE 
CO. :  F a i r v i e w  Mt .  n o r t h  s i d e  o f  ro a d ,  5650  f t . ,  15 J u l y  1938,
B a k e r  984  ( I D ) .  L IN N  CO .: N ear S a n t ia n  Pass, 18 May 1946,
C u t r e r s  s . n .  (OSC); Rocky, open w e s t - f a c i n g  s lo p e  ca . 300 f t .
be low  sunnmit o f  I ro n  M t , ,  ca .  1 mi .  w est o f  Tombstone Pass on U . S .
2 0 ,  18 May 1980 , L o w ry  3 0 9 6  (NY) .  UMATILLA CO. :  Local in
m o i s t ,  deep lo e s s a l  a r e a  w i t h  40  d e g re e  s l o p e ,  a re a  o f  N o r th  F o rk  
o f  W a l l a  W a l l a  R i v e r ,  1100 f t . ,  14 A p r i l  1959, S c h a l I i g  5 9 5 8 2  
(OSC); M o i s t  h i l l s i d e s  n e a r  Meacham, 10 May 1928, G a l e  2 5 3  
(MONTU). UNION CO.: 5 m i.  n o r th w e s t  o f  E l g i n  on Hwy. 2 0 4 ,  Deep
Canyon w i t h  s p r u c e - f i r  f o r e s t ,  snow banks s t i l l  n e a r  and 6 - 8  f t .  
dee p , abo u t 1 m i.  f a r t h e r  A c e r  in  f l o w e r ,  20  May 1975,
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W a t k i n s  & Dunn 108 (NY) .  WALLOWA CO. :  Rocky h i l l s i d e  a t  Hat
P o i n t ,  26  June 1946, M urphy 5 7  (NY); Above Joseph C ree k  n e a r  
F l o r a ,  4 2 0 0  f t . ,  1 June 1933, S p rag u e  s . n .  (OSC); M o i s t  
g r a s s y  Ponderosa woods n e a r  th e  r i v e r ,  Imnaha R i v e r  Road,
B la c k h o r s e  Camp, R48E, T5S , S6, 4000  f t . ,  10 June 1963, Mason 
6 0 0 5  (OSC); R4E, T3N, S9, p r o fu s e  w i t h  Ponderosa P i n e ,  and 
S a r v i c e ,  in m o is t  open g l a d e ,  4200  f t . ,  18 May 1956, Fergu son  
41  (OSC); 9 m i.  e a s t  o f  Imnaha, Wa l lowa  M t s . ,  6 June 1952,
B a k e r  9 0 7 3  ( I D ) .  WASCO CO .: M o i s t  s lo p e s  und er oaks , n e a r
Rowena, 18 A p r i l  1935, Thompson 11366  (NY) .  WHEELER C O .: Open
p o n d ero sa  p in e  woods a t  sunnmit abo u t 15 m i.  n o r t h e a s t  o f  S p ra y , Twp 
75 , R25E, 14 May 1950 C ro n q u is t  6 3 3 5  (NY); N ear  F o s s i l ,  5 May 
1930 , L ea ch  19365  (OSC); Open ro c k y  s lo p e s  in  ponderosa p i n e  
a r e a ,  sunnmit o f  t h e  Ochoco M t s . ,  about 26 m i.  n o r t h e a s t  o f  P a u l i n a ,  
T 1 4 S , R24E, S8, 570 0  f t . ,  19 June 1953, C ro n q u is t  7328  (N Y).
UTAH: CACHE CO .: B r igham , 23 A p r i l  1890, Jones s . n .  (N Y ).
MILLARD CO.: 5 m i.  e a s t  s o u th e a s t  o f  F i l l m o r e ,  F i l l m o r e  d i s t r i c t .
P a v a n t  M ts .  6 6 0 0  f t . ,  25 A p r i l  1978, Weish 16434  (N Y ).  RICH 
CO .: H i l l s  n e a r  B e a r  L a k e ,  18 June 1932, W i l l i a m s  & P ie rs o n
6 4 3  (NY) ,  SALT LAKE CO. :  In v i c i n i t y  o f  S a l t  Lake C i t y ,  6 -8 0 0 0
f t . ,  19 A p r i l  1884 , L e o n a rd  10 (NY); B r ig h t o n ,  B ig  Cottonwood  
Canyon, 8 June 1920, G a r r e t t  3 9 0 7  (NY); E a s t  o f  B r ig h to n  Guard  
S t a t i o n ,  B i g  C o ttonw ood Canyon, Engelmanns s p ru c e -q u a k in g  aspen  
a s s o c i a t i o n ,  loam s o i l  and w es t  f a c i n g  s lo p e ,  1 J u l y  1962, E y re  
41  (NY); B ig  C o ttonw ood Canyon, betw een S i l v e r  Lake and th e  
surrm it o f  M t. M a j e s t i c ,  28 June 1905, R y d b erg  & C a r l to n  6 3 6 7
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(N Y ) ; B ig  C o ttonw ood Canyon, be low  S i l v e r  L a k e ,  29 June 1905,
R y d b e rg  & C a r l t o n  6 5 0 6  ( NY) .  SANPETE CO.: Woods and open
s lo p e s  in  th e  m o u n ta in s .  S u b a lp in e  meadow w i t h  clumps o f  Engleman 
s p r u c e ,  c l a y  s o i l ,  M anto Canyon, M a n t o - la s a l  N a t io n a l  F o r e s t ,
1 0 ,0 0 0  f t . ,  10 J u l y  1971,  F i t z s , n ,  (OSC). TOOELE OO. : 8 m l.
s o u th w e s t  o f  V e rn o n , in  g r a v e l l y  loam w i t h  A m e la n c h ie r, 1 May 
1936 , R ig b y  & L e v i  s , n .  (NY) .  UTAH CO. : E a s t  s lo p e  o f  M t.
T im panogos, n e a r  P ro v o , W asatch  M ts . edge o f  snow, 12 June 1933, 
A p p le g a te  6 4 2 8  (NY); P ro v o , W asatch M t s . ,  16 June 1902,
G oo d d in g  1131 (NY) .  WASATCH CO.; T 3 5 ,  R12W, end o f  S t r a w b e r r y  
R i d g e ,  7800  f t . ,  A s p e n -c o n i fe r o u s  common, n o r t h  s lo p e ,  ro c k y  loam, 
29 June 1979 , F o s te r  6 0 8 3  (NY) . WEBER OO. : M ts . n e a r  Ogden,
June 1872 , C o u lt e r  s . n ,  (U S ) .  WASHINGTON: ASOTIN C O . : P a r t l y
sh ad ed , r o c k y ,  o r g a n ic  s o i l ,  among A b i e s  and Pseudotsuga^  
a lo n g  w e s t  f o r k  o f  Cottonw ood C re e k ,  abo u t 1 m i . above th e  f o r k s ,  
s o u th w e s t  o f  A n a to n e , T7N, R44E, S I 5,  30 A p r i I  1949 C ro n q u is t  
5 7 4 7  (NY, RSA); 12 m i.  w es t o f  A n a to n e , d i r t  ro a d  c u t  th ro u g h  
f o r e s t  o f  y e l l o w  p in e -D o u g la s  f i r ,  in c l e a r i n g ,  b a s a l t ,  3 June  
1970 , CoXt Dunn, & F le a K  1654  (NY) .  CHELAN CO.: Rocky woods
n o r t h e r n  base o f  B l e w e t t  Pass, 18 A p r i l  1931,  Thompson 5996  
(US); J o l l y  Mt .  (M t,  S t e w a r t  a r e a ) ,  W enatchee, 1 J u l y  1933,
E a s to n  s . n .  (OSC); L e a v e n w o rth  w i n t e r  s p o r t s  a re a ,
L e a v e n w o r th ,  2500  f t . ,  10 A p r i l  1937, Handy s . n .  (MONTU);
F o r e s te d  s lo p e s  in  B re n d e r  Canyon, 5 m i.  w est o f  Cashmere, 17 A p r i l  
1946 , W ard 231  (NY); West s i d e  o f  Chumst i ck M t . n e a r  to p ,  ca .
12 m i . n o r t h  o f  Cashm ere, n e a r  snowbank, W enatchee M t s . ,  15 June
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1948 , H i tchcocH. 17264  (NY, RSA); F o r e s t  a lo n g  Nason C re e k ,
a b o u t  2 m i . s o u th e a s t  o f  Lake  W enatchee, 4 May 1946, Ward 3 3 2
( N Y) .  COLUMBIA C O . : G ra v e l  s lo p e s  n e a r  snow, S t a y a w h i l e  S p r in g s ,
5 5 0 0  f t , ,  8 J u l y  1927 , S t ,  John Â S m i t h  6344  (OSC). GARFIELD 
C O . : D u f f  u n d er  y e l l o w  p i n e  ca . 15 mi .  s o u th  o f  Pomeroy in B l ue
M o u n ta in s ,  4 8 0 0  f t . ,  25 May 1944, H itc h c o c K  A M u h l i c K  6294  
( NY) .  KING C O . : G oat M ts .  n e a r  M t. R a i n i e r ,  6000  f t . ,  23 J u l y
1894 , A l i e n  6 2  ( NY) .  K IT T IT A S  CO.: In woods a t  F i s h  Lake , 13
J u l y  1954 , H itc h c o c K  2 0 2 6 0  (N Y ).  KLICKITAT CO. : In b ru sh ,
B in g e n ,  2 A p r i l  1907, 25 May 1907, SuKsdor-F 5 9 0 6  (NY); In  
f o r e s t  edge on th e  m o u n ta in  a t  B in g e n , 12 A p r i l  1906, 21 May 1906, 
S u K s d o rf 5 5 3 6  (NY); M t.  R a n ie r  N a t io n a l  F o r e s t ,  a t  base o f  
m t. , 17 June 1936, B aK er 144 ( I D ) .  OKANOGAN CO, : Okanogan
N a t io n a l  F o r e s t ,  H a r t s  Pass v i c i n i t y  on th e  Cascade D i v i d e ;  T37N  
R17E, 6 2 0 0  f t . ,  13 August 1968, A rno  5 3 6  (MONTU). PEND OREILLE 
C O .: 23 m i.  s o u th  o f  lone B r id g e  on Hwy. 20 , 21 A p r i l  1984,  
F r i t z - S h e r i d a n  2 7  (MONTU). STEVENS CO.:  Sandy loam in
P o nderosa  p i n e  f o r e s t  a lo n g  C o lum bia  R i v e r  3 mi .  above mouth o f  
Spokane R i v e r ,  be low  1290 f t . ,  5 A p r i l  1940, Rogersp B o o th ro yd , 
M e y e r, & Ownbey 2 6 0  (NY) . WHITMAN OO. : On bank o f  U n ion  C re e k ,
6 m i.  w es t o f  P u llm a n ,  6 A p r i l  1922, P ar'K er 341  (OSC);
P u llm a n ,  25 A p r i l  1894 , P ip e r  s . n ,  (NY); P e r ia n t h  lemon-  
y e l l o w ,  a n t h e r s  m ahog any-red ; g ra s s y  n o r t h e a s t  s lo p e ,  A r i d  
T r a n s i t i o n  Zone , A lo m o ta  ro a d  6 m i.  s o u th e a s t  o f  C o l f a x ,  2000  f t . ,  
13 A p r i l  1935 , C o n stan ce , D i l i  ion,  Â R o i i i n s  1036  (N Y ). YAKIMA 
C O . : Mt .  Adams, B i r d  C re e k  Meadows, 24 J u l y  1935, Langdon 2 3
5 5
(OSC). WYOMING: ALBANY CO. :  M e d i c i n e  Bow M t s . ,  M ay-August 1929,
N e ls o n  11038  (NY); M e d i c i n e  Bow Range, 9 5 0 0  f t . ,  June 1902,
Kemp s . n ,  (N Y ) .  M e d i c i n e  Bow M t s . ,  August 1909, N e ls o n  9238  
( NY) .  CARBON O O . : B a t t l e ,  C o n t in e n ta l  D i v i d e ,  1 0 , 0 0 0 - 1 1 , OOO f t . ,
20  June 1901 , Tweedy 4 4 0 7  (NY); S i e r r a  Madre M t s . ,  ca.  1 3 . 5  
a i r  m i l e s  s o u th w e s t  o f  Encampment, ca . 29 a i r  m i l e s  e a s t  n o r t h e a s t  
o f  D i x o n ,  9 4 0 0 - 1 0 ,0 0 0  f t . ,  19 J u l y  1979, N e ls o n  S B l u n t  4134  
(N Y ) .  GRAND TETON NATIONAL PARK: Lake S o l i t u d e ,  9 ,0 2 4  f t . ,  10
J u l y  1960 , V e n r ic h  2 3 7  (MO), SHERIDAN CO. :  N ear  S t o r y ,  B ig
Horn M t s . ,  8 May 1934 , R o l l i n s  4 2 8  (MO). YELLOWSTONE NATIONAL 
PARK: M t.  W ashburn, 13 J u l y  1902, M earns 1842  (US); Marrmoth
H ot S p r in g s ,  7000  f t . ,  30 A p r i l  1869, D e w art s , n ,  (NY) .
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